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In Florida power plant... 


eeiids 


quantichem analyzer 
records dissolved oxygen 
colorimetrically 

0 to 30 ppb. 


| ERE r Sez — 
shee = 














Even a few parts per billion of dissolved oxygen in water for power 
station boilers reduces overall efficiency and economy. Three months ago, 
the Florida Power Corp., St. Petersburg, Fla., put on stream a 

Milton Roy Quantichem colorimetric analyzer in its Bayboro Station 

to survey dissolved oxygen in returned condensate from 

steam turbine condensors. 


In addition to this application, other Quantichem automatic analyzers 
are available for analyses of silica (0-50 ppb), residual chlorine , 
(0-3 ppm), hardness (0-3 ppm) . . . as well as for phosphates, 
hydrazine, chlorides, and many others. 


Write for information on your particular application. 
Milton Roy Company, 1300 East Mermaid Lane, 
Philadelphia 18, Pa. 
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CHEMICAL INSTRUMENTATION SYSTEMS 





Controlled Volume Pumps 
Quantichem Analyzers *« Chemical Feed Systems J 
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F & P’s expanded STANDARDIZED PROC- 
ESS INSTRUMENTS Program bridges that 
dark and gloomy gap between ordering and 
recetving. Long-term deliveries on indicators, 
transmitters, recorders, and controllers are 
nightmares out of the past! You can now get 
the process instruments you need when you 
need them. 

Quick-Shipment Catalog 2 lists 52 pages of 
standardized process instruments in a wide 
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INSTRUMENTS 


FLOW : 24 hours 








PRESSURE 2 weeks 





OBSTRUCTIONLESS 4 weeks 
FLOW 
—_ 


TEMPERATURE a 





RECORDER- 
CONTROLLERS 








CONSISTENCY 


PF 4 weeks 


variety of sizes and modifications. This handy 
catalog, with accompanying price list, enables 
you to place quick-shipment orders with any 
one of our conveniently located warehousing 
points . . . at the main factory in Hatboro, Pa., 
at our warehouses in Chicago, Houston, Atlanta, 
Los Angeles, and Toronto. 


Write for your copy of Catalog 2 today. 


Fischer & Porter Company, 519 County iis ; 
Line Road, Hatboro, Pennsylvania. ag 


FISCHER & PORTER CO. 


Complete Process Instrumentation 
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NEW... from Lees 


EXTERNAL PILOT-OPERATED PRESSURE REGULATOR 
fast-acting, accurate ... tight shut-off even on dead-end service 


Examine it yourself . . . feature for feature. K&M 
has made a vast improvement in external pilot- 
operated pressure regulators. 

It simplifies installations: requires one less pipe 


line. It offers lowest maintenance: the result of good 
hydraulic and mechanical design throughout. It gives 
excellent performance: try one and compare with 
any other regulator of its type. 


BUILT-IN STRAINER 


BLIND FLANGES protects pilot from scale, dirt, 
on both main valve and pilot other foreign matter, is removable 
allow easy access for routine for cleaning 







maintenance 
CLEANLY CONTOURED INTERIOR 


has no spider, practically no flow restrictions 
. « « gives greater flow capacity . .. usually 
permits economy of smaller size 


INTEGRAL BLEED ORIFICE 


\ eliminates need for installation of 
\ extra bleed line 
i] 
| 


PRESSURE-ADJUSTING SCREW 
permits convenient external pressure setting 


GUIDE PISTON 
has balancing grooves which hy- 


- ea draulically center guide, prevent ge, 
CONTROL SHINS binding and side-thrust 






is isolated from main flow stream 7 

for greatest protection If you would like a more de- 
tailed, close-up look at K & M's 
new Type 471 External Pilot 
Pressure Regulator, sehd for 
Bulletin 471A. 


Our 79th Year Oldest Pressure and Level Control Valve Manufacturer 


64 Genung Street, Middletown, New York 


S.A. 1808 
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New Fulton Sylphon Series 1003 
Regulators Provide On-Spot 
Control at Low Cost 







@ This new self-powered regula- 
tor is trouble-free, powerful and 
sensitive. Installation is easy and 
inexpensive. Large Sylphon® Bel- 
lows provides perfect stroke action 
for valves up to 4”. Handles pres- 
sures up to 250 psi. Designed for 
extra-long life ... and you can put 
it on your plant’s “payroll” for 
round-the-clock control at a daily 
cost less than your average em- 
ployee’s pay for one minute. 










@ Teflon Chevron lifetime valve stem 


packing — no service needed 
@ Monel valve stem super-finished 
to prevent sticking 
@ “Quick-Detach” stem fitting for 
t easy valve removal 
ey ie @ Single-seated “MA” valve for 
extra cost “dead end” service 


@ Over-temperature assembly 
prevents regulator damage 





GET THE FULL STORY OF LOW-COST TEMPERATURE 
CONTROL IN BULLETIN D-AU 


Fe Cletus Kobertshow Fulton 


MS COMPANY 


FULTON SYLPHON DIVISION © Knoxville 1, Tenn. 
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NSTRUMENTS “‘know”’ the difference. They 
do their best with accessories designed 
for them by an instrument manufacturer. 


It takes an instrument man to make the 
perfect match between instruments and 
accessories. Your Honeywell instrument 
sales engineer knows your process and its 
controls, and which accessories are best 
suited to both. He can choose from a broad 
line of charts, inks, thermocouple wire, 
wells and protecting tubes. 


Additional advantages gained from buying 
Honeywell accessories are convenience, 
economy and single-source purchasing. No 
shopping around. No need to “mix breeds.”’ 
And you can be sure that whatever you 
buy will be right for the job. Your Honey- 
well instrument sales engineer will see to 
that. Call him today .. . he’s as near as 
your phone. 


MINNEAPOLIS-HONEYWELL, Wayne and 
Windrim Avenues, Philadelphia 44, Pa. 


*...Our instruments 





like Honeywell 
accessories, too!” 


UL 


Here’s one product from the com- 
plete Honeywell accessories line: 


CAST IRON 1/C 
PROTECTING TUBES 


This is one of the protecting tubes 
recommended for use with molten 
aluminum or die casting 
applications. It can be used at 
maximum temperatures of 1300° F. 
in oxidizing atmospheres, and 
1600° F. in reducing atmospheres. 
Available in standard lengths of 
12, 18, 24, 30 and 36 inches. 


All Honeywell cast iron protecting tubes 
are Beta-gage checked for uniform 
concentricity . . . assuring maximum life. 
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WHAT’S NEW 
IN THE 


Forecast for ’59 





Profitless Prosperity 


The Favored Few 


Shortage: Pro and Con 


Technicians: 
Key to the Problem 





INDUSTRY 


Military advances, rising labor costs and an increasing population 
will give more importance than ever to instrumentation. Econ- 
omists are looking to the instrument industry, regarded by many 
as the nation’s key activity, to increase productivity and be the 
chief motivating factor behind the expected $30 million rise of 
the Gross National Product by the fourth quarter of 1959. But there 
will be no return to Easy Street this year—and perhaps not ever. 





Instrument sales volume is expected to increase about 8% in 
09, but this rise won’t be reflected in profits. What’s the cause 
of this economic paradox? For one thing, costs will rise, with no 
attendant rise in prices; material costs are up, distribution costs 
are up, and there is no reason to believe that labor costs will go 
down. Another facet of this profitless prosperity: employment in 
general will show little or no increase. Increased productivity is 
pushing factory output up faster than employment. 


In the scramble for jobs, engineers and technicians will be the 
favored few. Demand for them is on the rise, with electrical and 
mechanical engineers leading the field. In fact, jobs for scientists, 
engineers and technicians are due for a big increase throughout 
the next 10 years, according to a SAMA survey. Increases of 25% 
or more are forecast, with food, chemical, rubber, petroleum, elec- 
trical and instrument industries leading the industrial groups in 
projected professional needs. Technicians are in for the biggest 
rise of all, with some experts forecasting as much as 100 to 150% 
increase in demand over the decade. Biggest demand here will 
come from data computing and other electronic equipment fields. 


The question of an engineering shortage has been batted around 
for some time with pros, cons and middle-of-the-roaders all having 
an opinion. But the weight of opinion is definitely on the side of 
an engineering shortage and one that is growing steadily worse. 
The Scientific Manpower Commission says that while 39,000 engi- 
neers will graduate this June, there will be 50,000 engineering jobs 
open at that time. Even allowing a broad margin of error on that 
50,000 guess, there is good reason to believe that there is an engi- 
neering shortage and that it is acute. What’s more, while college 
freshman enrollments were up 7.1% last year, engineering fresh- 
man enrollment dropped 7.6%. 


Part of the engineering shortage is being blamed on the shortage 
of technicians. Professional engineers must take over in these roles, 
their training is going to waste and the dignity of the profession 
is suffering. And students may be looking for a field where pro- 
fessional status is safeguarded and preserved. At the same time, 
the technician shortage may also be a question of human respect. 
When will management and the professions wake up, define “tech- 
nician”, decide on training requirements and give greater dignity 
to this important activity? Greater prestige might just possibly 
bring more people into this field. 


(Please Turn to Page 10) 
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So many ways the FISHER/MAN 
can give you a helping hand with the 


: WIZARD II 


PRESSURE CONTROLLERS 
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| * Controlier This “‘Jack of ALL Trades” 


e Proportional 


Controller Hy s H . 
| 3 is surprisingly low in cost 
| @ Proportional 
: Controller 
—R te Set . . . . . ° 
nese The partial list of applications at left tells you why the Wizard II is 
e@ Differential ‘ ° ° ° 
Proportional so aptly named. Probably no other controller in the Fisher line is as 
ontroier 
1 litle versatile. Available in brass, steel or stainless steel Bourdon tubes 
smsamenimd for ranges from 25 to 10,000 psi. Brass or stainless steel bellows available 
Differential : . 
* Proportional for low pressure service from 30” Hg Vacuum to 30 psi. 
Controller— 


Remote Set 


Fisher has carefully designed each component of the new Wizard to 


e Proportional 


ne satisfy the most rigid process control requirements. A completely 
° Differential descriptive and illustrated booklet on the Wizard II is yours 
Proportional 


| Reset for the asking. Write for Bulletin D 4150 A. 


bis IF IT FLOWS THROUGH PIPE ANYWHERE IN THE WORLD... CHANCES ARE IT'S CONTROLLED BY... 
FISHER GOVERNOR COMPANY 


Marshalltown, lowa / Woodstock, Ontario / London, England 
CONTINENTAL EQUIPMENT CO. DIVISION, Coraopolis, Pennsyivania 
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Cutback in Chemicals The chemical industry, which has been putting up new factories 
so fast for so long, has reached saturation point so far as expansion 
is concerned. Major chemical companies are expected to cut 1959 ; 
capital outlays by 20% from the ’58 level—cuts totalling an esti- 
mated $1.4 billion. For some time, the chemical industry has been 
moving against the general business trend; spending has been high 
in recent years—topped only by the coal and petroleum group— 
and now that the recession is over it is slowing its expansion pace. 
Cutbacks are in effect at DuPont, Monsanto, Union Carbide, among 


others. } 


ser 


One man, working at a semi-graphic process control panel using 
miniature instruments, operates ihe world’s largest continuous naph- 
thalene distillation unit at Allied Chemical’s Plastics and Coal 
Chemicals division plant at Philadelphia. 


Definition Wanted 


In what seems to be an effort to anpease both the Army and the 
National Aeornautics and Space Administration, Washington has 
turned the Pasadena Jet Propulsion Lab over to NASA but, so far, 
has allowed the Army to retain control of Redstone. But NASA 
would seem to have the best of the bargain, since the President’s 
order states that it can use the “capabilities” of Redstone on a 
“fully cooperative basis.” Now if Washington will just define “fully 


cooperative basis”... 


One Man Process Plant 





Roy W. Johnson of the Advanced Research Projects Agency came | 
in for much criticism and/or scepticism early in December when { 
he announced ARPA’s ambitious plans for ’59, including launch- 
ing of a 10,000 pound satellite. With the help of the Army, he 
backed up his boast later in the month when Atlas put four tons 
into orbit. Other than sheer weight, the big news was the guidance 
system, credited with being the first capable of actually steering ] 
a satellite into a selected orbit. And it was a nice Christmas pres- 
ent for General Electric and Burroughs, developers of the guid- 


ance system. 


Vindication of ARPA 


Litigation The Tenth Circuit Court of Appeals in Denver, Col., has decided for 
Midwestern Instruments, Inc., in their battle with Consolidated 
Electrodynamics involving a patent relating to a winged galvanom- 
eter and slotted magnet of the kind used in oscillographs. 


— Newcomers to the industry: Continental Device Corp., Los Angeles, 
specializing in research, development and production of semicon- 
ductor devices. Spectracoat, Inc., San Francisco, Cal., specializing 
in research and manufacture of infrared thin films, part of the 
new science known as “thin film optics.” 
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Why Skinner 4-way solenoid valves are 
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Application: A longitudinal and a Features of standard valve did Dependable cylinder control. The 
transverse slide in this Pratt and job. No special engineering of the four-way V9 valve is available with ad- 
he Whitney Electrolimit Jig Borer is po- four-way V9 valve was required to justable flow features in the main 
as sitioned automatically from numerical meet Pratt and Whitney’s need. Molded stream and in the exhaust passage for 
data on punched tape or manually by oil-proof coils are used to guard exceptionally accurate cylinder con- 
ir, decade dials. When each slide has been against burnout from cutting solutions. trol. Position of inlet and exhaust con- 
A correctly positioned it is held firmly by The Skinner valve makes an ideal cross nections can be changed easily in the 
y air-actuated, non-influencing clamps. connection between electrical sensing field by simply reversing plugs. 
,S Each clamp is controlled by a cylinder and the muscular air required to pro- 
a and a Skinner four-way V9 valve. vide the clamping action. 
ly 
e ' 
n | 
- 
e ; 
1S i 
Ee f 
g | 
“4 
&s 
: Skinner V9 four-way valves, ac- Quality workmanship throughout. Exceptional life expectancy. 
i tually two 3-way valves in one housing Internal parts are stainless steel and Skinner valves, engineered to the high- 
are offered normally closed-normally highly corrosion-resistant. Durable, est UL standards, are life-cycled in the 
' closed, normally open-normally open, compressible inserts of soft, synthetic lab at speeds as high as 600 cycles per 
| and normally closed and normally materials insure bubbletight operation. minute. In these tests, the V9 valves 
r epen. Media: air, inert gases, hydraulic Orifice seats have radius with well- regularly get over 20-million cycles 
d ' fluids and vacuum; orifices: 364” to 1%”; rounded contact area and high finish without leakage. And these results are 
H NPT ports: 44”; pressure ratings: to for long insert life. Valve can be constantly proving out in service. 
\- 5 250 psi. Over 350 basic variations. mounted in any position. 
Skinner solenoid valves are distributed nationally. 
For complete information, contact a Skinner Representative 
listed in the Yellow Pages or write us at Dept. 491. 
: 
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MASONEILAN 
PNEUMATIC CONTROLS PROVIDE 


MAXIMUM SIMPLICITY AND DEPENDABILITY 


Complete selection of pneumatic control devices for control of flow, 
pressure, temperature and liquid level. 


For over seventy-five years, Mason-Neilan 
has developed a constantly expanding line of 
pneumatic controls for simplifying and ad- 
vancing power and process plant, and pipe- 
line operations. 

Now, from one source, you have a selection 
of proven pneumatic instrument and valve de- 
signs; plus a number of electric devices which 


with the usual Mason-Neilan concern for 
dependability and long term efficiency. 

Whatever your needs for equipment to con- 
trol pressure, temperature, level or flow, call 
on Mason-Neilan. Examples of the major 
product groups in the Masoneilan line are 
shown here, and extensive assistance is avail- 
able in selection and application. 


For catalog information on Mason-Neilan 


make possible further improvements in auto- 
Controls, write to: 


matic control. These have been developed 


NMASON-NEILAN 


Division of Worthington Corporation 


29 NAHATAN STREET, NORWOOD, MASS. 
District offices or Distributors in principal cities in U.S. 
In Canada: Mason-Neilan Division of Worthington (Canada) 1955, Ltd. 


Pressure, Temperature, Flow and 
Level Transmitters 


Indicating, Recording and 
Controlling Instruments 


Liquid Level 
Controllers and 
Transmitters 


Globe, Angle, 
Three-way and 
Butterfly Control 

Valves 


Non-Indicating Controllers 
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SERVRITEY 


thermocouple Fy 
extension 
wire in 


MUIZIPAIR CABLE. 


it 

cuts 
installation: 
costs 


When four or more pairs of thermocouple 
extension wires are needed, SERV-RITE 
thermocouple extension cable will reduce 
installation costs several ways. It takes 
considerably less time compared to pull- 
ing individual pairs of wires through 
conduit. Cable also permits the use of 
much smaller conduit than for the same 
number of individual wires. It can be 
hung without conduit, or installed in 
open trough or by direct burial. 

The cable, as well as each conductor, 
is color coded. Also, each pair of wire 
is marked for quick identification. 

Cables with multiple pairs of four or 
more conductors of the commonly used 
types are carried in stock. 


Write for Bulletin No. 1200-3 
for specifications and data on SERV-RITE 
thermocouple extension cables. 


8146 


CLAUD S. GORDON CO. 





Manufacturers « Engineers ® Distributors 





623 West 30th Street, Chicago 16, Illinois 
2011 Hamilton Ave., Cleveland 14, Ohio 
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Figure 1. Tubing is 
rolled out to single 
layer, visually  in- 
spected, and butted 
against end stop 
(left). Operator then 
places control han- 
dle against other end 
of tube and presses 
“record” button. 
Length is instantly 
recorded by _ type- 
writer in office. 


AT WORK 


. short stories about real applications 





Electronics Speeds 
Linear Measurement 


Time consuming, error prone man- 
ual measurement of _ individual 
lengths of pipe for invoicing and in- 
ventory control has been superseded 
at Pacific Tube Company, Los Ange- 
les, by an electronic measurement 
method. Result: lower operating costs 
and faster measurement, plus better 
accuracy with elimination of human 
errors. 

Previously, one man held a tape at 
one end of a pipe, another noted its 
length, and a third wrote it down. A 
fourth was needed for typing entries 
into office forms. Now a single opera- 
tor does it all quicker and more ac- 
curately. (Figure 1). 

A take-up motor in the encoder 
(Figure 2) keeps cable taut with 5 





pound tension and reels in cable when 
it’s released. Position of encoder along 
table is controlled by pressing “left” 
and “right” buttons. Individual pipe 
length measurements are stored in 
thyratrons of Control Chassis (not 
shown ). After entire bale or shipment 
of pipe has been measured, its total 
length is calculated and recorded by 
pressing a “total” button in control 
handle. 

System, designed and made by 
Datex Corporation, Monrovia, Cali- 
fornia, will find wide application in 
many industries with its ability to 
automatically measure, calculate and 
record any linear length from 0 to 100 
feet in one-inch increments, accurate 
to = 65". 


Figure 2. Measuring 
cable (104 ft) is guided 
by lead screw onto heli- 
cally-grooved drum of 
encoder (right, uncov- 
ered). !t converts feet 
and inches into digital 
signal for Control Chas- 
sis and Data/Log (left) 
in office. Monroe-Da- 
tex Data-Log calculates 
and totalizes pipe 
lengths. Note control 
handle and buttons 
(lower center). 
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sharp layer of suspension on top 


A Remove feeding chamber, leaving 
® of sedimentation liquid. 


Transfer suspension to feeding 3 Transfer feeding chamber to cen- 
‘ Prepare suspension of particles. » chamber. a trifuge tube. 


eeecee 
ee? Pees eeeees 
” o e 
eee e° PO 





Size distribution is obtained from 


for precalculated time, then remove or in higher speed centrifuges until 
# sediment height data. 


Transfer to first centrifuge and run | Repeat centrifuging in same unit ' 
b. and read in projector. a run is complete. 


Read sediment height under gravity 
F in projector at precalculated times. 


New Low-Cost Way to Measure Size Distribution of Small Particles 


With the new M-S-A® Particle Size Ana- ticles between approximately 0.1 and 40 
lyzer, you can start with a minimum invest- microns. Most airborne dusts, paint pig- 
ment for measuring particle distribution, ments, and many flours, chemicals, and 
and then expand it by the purchase of pharmaceuticals lie within this range. 





additional components, Complete analyzer system includes cen- 
This versatile analyzer is a general- trifuge tubes, feeding chamber, optical tube 
purpose device for measuring size distri- projector, one or more special centrifuges, 
bution of small particles. It is especially and tube handling and cleaning accesso- 
designed for measurement of subsieve par- ries. Write for new bulletin for details. Tube Projector Centrifuges 
, INSTRUMENT DIVISION 
en Mine Safety Appliances Company 
Pitteburgh 8&8, Pennsyivania 
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, These welder phase-shift heat-control patterns 
were directly recorded with a Honeywell 906 
Visicorder at Bristol Aircraft (Western) Limited 
in Winnipeg. 
Since the welding heat generated is proportional 
to the square of the current value, phase shift 
must be accurately controlled in order to deter- 
mine the heat value. If the phase shift dial is not 
accurately calibrated, the result is too much or 
too little heat, and a poor weld. 


In this application, the Visicorder is an essential 
r guide to accurate calibration, since ink-type re- 


corders do not cover the sensitivities and fre- 
quencies needed and an oscilloscope would pre- 
sent a continually changing pattern since most 
recording periods are less than 10 cycles. The 
directly-recorded Visicorder patterns allow a 
convenient study of the exact time when the cur- 
rent wave form was being cut off. 


Here is the circuit used in this test. 
Input Circuit for Oscillogram of D. C. Welding Current 





Lower Arm R 

of Welder —————> u Series 

Welder Arm ® To V450-55B 
Calibrated 2.16 x 10°6 Galvo & shunt 
Ohms between af (No amplification!) 
Connections = > 











of phase shitt 































Model 906A Visicorder 
pictured with 

Record Takeup and 
Latensifier Unit. 


January 1959, 





The Honeywell Visicorder is the first high-fre- 
quency, high-sensitivity direct recording oscil- 
lograph. In laboratories and in the field every- 
where, instantly-readable Visicorder records are 
pointing the way to new advances in product de- 
sign, rocketry, computing, control, nucleonics 
...in any field where high speed variables are 
under study. 


To record high frequency variables—and moni- 
tor them as they are recorded—use the Visicorder 
Oscillograph. Call your nearest Minneapolis- 
Honeywell Industrial Sales Office for a demon- 
stration. 


The new Model 906A Visicorder, now available 
in 8- and 14-channel models, produces longitu- 
dinal grid lines simultaneously with the dynamic 
traces, time lines, and trace identification by 
means of new Accessory units. 


Reference Data: Write for Visicorder Bulletin 


Minneapolis Honeywell Regulator Co., 
Industrial Products Group, Heiland Division 
5200 E. Evans Avenue, Denver 22, Colorado 


Honeywell 


HI) Qudustrial Produit. Group 
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INSTRUMENT SOCIETY of AMERICA | 
wilh present tte 


14th ANNUAL ISA 
INSTRUMENT-AUTOMATION 
CONFERENCE & EXHIBIT 


(INTERNATIONAL) 


SEPTEMBER 21-25, 1959 


CHICAGO 


INTERNATIONAL AMPHITHEATRE 





The ISA SHOW — recognized as the foremost instrument-automation event in the world — will hold its 
1959 gathering in the big Chicago Amphitheatre. Conveniently located for all major industrial and 
scientific markets, this 1959 Conference and Exhibit is certain to be the most important yet in the 
illustrious history of this internationally renowned meeting. 


Plan now to exhibit your products and services to the key buying influences in the world of instrumen- 


tation, systems, and automatic control. 


Start your plans now to attend the 1959 ISA SHOW. 


For Exhibit information, contact: For all other information, contact: 
Fred J. Tabery, Exhibit Manager William H. Kushnick, Exec. Director 
Instrument Society of America Instrument Society of America 
3443 South Hill Street 313 Sixth Avenue 
Los Angeles 7, California Pittsburgh 22, Pennsylvania 
RIchmond 9-1091 ATlantic 1-3171 
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MOISTURE MEASUREMENTS 


UP TO PRESSURES 
OF 10,000 PSI 






| REE 








Here’s the newest addition to CEC’s line of moisture A battery-pack accessory plugs inside the case for ] 
monitors ...the high-pressure 26-350 Series. portable use of the 26-350 Moisture Monitors 
Available in several models, they measure in remote areas where line power is not available. 
trace quantities of water in gases and gaseous Other outstanding members of the CEC 
| mixtures at pressures up to 10,000 psi. Moisture Monitor family include the industry- 
These ‘‘absolute”’ instruments require no calibration proved 26-301 and 26-302 Laboratory and 
... deliver precise data with full-scale response Extended-Range Moisture Monitors, designed for 
in 90 seconds. They operate over a moisture range standard applications and providing operating ranges 
of | ppm to 1,000 ppm, and provide continuous of 1 - 1,000 ppm and | - 20,000 ppm, respectively. 
readings on a rugged meter calibrated in ppm And now measurements of water content in liquids can 
water by volume. When moisture content be accomplished with CEC’s Liquid Moisture Monitor— 
exceeds desired limits, adjustable alarm contacts newly developed for laboratory and process applications. 
i actuate audio/visual signals... during either batch Call your nearest CEC sales and service office for 
or continuous sampling operations. details, or write for Bulletin CEC 1851-X1. 


Analytical & Control Instrument Division 


CONSOLIDATED ELECTRODYNAMICS 300 N. Sierra Madre Villa, Pasadena, Calif. 





CEC’s 26-310 Process Moisture Monitor, For employment opportunities 
designed for continuous in-plant operation, : : 
. : ened : with this progressive company, 
assures precise monitoring of process 


| streams — even in Class I, Group D, write Director of Personnel. 


} Division | hazardous locations. 
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MM crectricar 
Mi eNGINEERS 


" Sendix- 


OCSPTE 


in Southern California 


ELECTRONIC ENGINEERS — Two or more years expe- 
rience in Telemetering in VHF-UHF Transmitter 
Design, Information Theory, Airborne Packaging 


and Design, and Transistor Circuit Design. 


ELECTRICAL ENGINEERS — Four years or more expe- 
rience in Electrical Measurements and Instru- 
mentation in connection with the development of 


underwater Electro-Acoustic Transducers. 


Please write W. C. Walker 
your qualifications or fill in 
the coupon and mail it today. 


W. C. Walker, Engineering Empoym’t Mer. 
Bendix-Pacific, Bendix Aviation Corp. 
11610 Sherman Way, North Hollywood, Cal. 
| am interested in (check one) 

[] Electronic [) Electrical Engineering 

| am a graduate engineer with. _ 

— —— (itt 

| am not a graduate engineer but have 


. years experience. 


Name _ 

Address 

City - 
Zone _ State 























) Book Review 


Automatic Process Control, by D. P. 
Eckman, John Wiley and Sons, Inc., 
New York, 368 pp., illustrated, 1958, 
$7.50. 


Reviewed by 
Frank Kreith 
Lehigh University 


This book treats the basic princi- 
ples of automatic control with a 
unified approach to the various pro- 
cesses encountered in mechanical, 
electrical and chemical engineering. 
The level of presentation makes this 
book suitable as a text for under- 
graduate instruction, but it can also 
serve graduate engineers as an in- 
troduction to the science of auto- 
matic process control. 

The successful application of sys- 
tem engineering requires a broader 
outlook than most standard courses 
in a departmentalized engineering 
education program offer. However, 
a comprehensive and unified ap- 
proach to the solution of engineer- 
ing problems becomes imperative in 
the field of automatic control where 
it is necessary to deal simultaneous- 
ly with the dynamic behavior of 
mechanical, fluid, thermal and elec- 
trical systems. Today there exists, 
therefore, a need for engineers who 
have a sufficiently broad back- 
ground to be able to solve the intri- 
cate problems involved in the de- 
sign and analysis of automatically 
controlled processes. 

The overall philosophy of this 
book shows clearly that Professor 
Eckman is fully cognizant of this 
need. He attempts in his presenta- 
tion to guide the reader toward a 
method of analysis which can be 
applied to any system which be- 
haves linearly, or can at least be 
linearized for the purpose of analy- 
sis. The method consists essentially 
of reducing each system to a block 
diagram in which the actions of the 
variables can be depicted graphi- 
cally without introducing initially 
the detailed operation of the var- 
ious elements in the system. Hav- 
ing once established the general 
scheme of a process loop in which 
the signal flow can be traced sim- 
ply, the author then proceeds to an- 
alyze the individual elements, or 
blocks in the system. This is ac- 
complished by means of unified 
concepts of resistance, capacitance, 
potential and flow which can be 
applied with equal ease to mechan- 
ical, electrical, fluid and thermal 
systems. The operation of control- 
lers and the action of the various 


| modes of control are also integrat- 
| ed into this generalized scheme of 


analysis. 

The last two chapters, 9 and 10, 
are devoted to discussion of fre- 
quency response methods, non-line- 
ar effects and stability analyses. In 
these areas the author unfortunately 
presents only introductory mater- 
ial and many readers may find the 





treatment too cursory. Although 
important concepts such as dis- 
tributed-parameter, exothermic ele- 
ment, limiting and dead zone are 
mentioned, and methods of stabil- 
ity analysis involving the trans- 
fer locus and the Nyquist criterion 
are described, due to the brevity 
and the lack of mathematical rigor 
in the presentation, the curiosity 
of those readers who wish to ob- 
tain a complete understanding of 
stability analysis and gain facility 
in analytical techniques of system 
synthesis will not be satisfied. The 
thoughtful reader will miss an ade- 
quate bibliography on these topics. 


In the appendix the author gives 
excellent definitions for the terms 
used in automatic control, presents 
a brief introduction to laplace 
transformations and differential an- 
alyzers, and finally outlines nine 
experiments designed to enhance 
students’ comprehension of auto- 
matic control. Numerous problems 
with answers are given at the end 
of each chapter. 


The author has succeeded in pre- 
senting his subject matter without 
the use of transform techniques of 
which the Laplace Transform is the 
most important. In order to ac- 
complish this, it was necessary to 
restrict the scope of the presenta- 
tion to processes and systems that 
can be described by linear first and 
second order differential equations. 
The reader may therefore become 
discouraged when faced with a real- 
istic problem which does not con- 
form to and fall within the scope 
of the processes that can be hand- 
led without adequate mathematical 
preparation. This reviewer believes, 
therefore, that a disservice is actual- 
ly rendered to the reader by not 
including the Laplace Transform 
Theory vigorously at the beginning 
of a nook and using it through- 
out. Although the operator nota- 
tions used by the author make ze 
imple to transpose equations into 
the asians domain, it would seem 
desirable to expose engineering Stu- 
dents as early as possible to these 
mathematical tools sta pe — 

n not understand more ad- 
cen work in the field of auto- 
matic control. Once the mathemati- 
cal foundation has been firmly es- 
tablished, the physical concepts act- 
ually become easier to compre- 
hend because block and signal flow 
diagrams take on an increased sig- 
nificance. 

e reservations detract in no 
PR way from the — 
overall value of this fine and lucid- 
ly written book which will be - 
important addition to the library oO 
all engineers interested in _learn- 
ing the principles of automatic pro- 
cess control. Professor Eckman’s 
book will be received gratefully by 
university and_ college teachers 
looking for an adequate text for an 
introductory course in process con- 


trol. 
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What’s your application for 


® 
versatile recorders? 


TI’s Applications Engineering Department invites your requests for technical 
assistance in OEM or end uses. Here are a few of the present applications. 














7 SINGLE — and _ DUAL oe MISSILE TESTING — 
Rectilinear Galvanometric Recorders, with a wide choice of sensitivities and “recti/riter” —a bank of “recti/riter” units record 
i accessories, offer the most complete ranges available for recording electrical parameters voltage frequencies and currents. 


from many types of transducers. 














a 















MEDICAL RESEARCH AIR NAVIGATION QUALITY CONTROL 
—used with rate meters and nuclear —used to monitor ILS beams... —used on numerous production lines 
scanners . . . also used to monitor also used to monitor LORAN signals. to check sizes and contours of parts, 
rate of impurities in vaccines. as well as assembly rates. 


_ Hl 


4 









METEOROLOGICAL AUTOMATIC COMPUTERS Oil EXPLORATION 
—records wind directions and veloci- —for studying stability of electrical —used in well logging as well as 
ties . . . also used in studies of parameters that affect accuracy. airborne magnetometers and 
Aurora and air glow through scin- scintillometers. 


. tillometer counters. 





ATOMIC TESTING 


RADAR SPEED METERS 








—used in police vehicles to visually —records wave frequency and mag- — used to measure radiation 
record speed of passing motorists. nitude . . . also monitors underwater fall-out at test centers and nuclear 
pressures. installations. 


, 


TI will custom manufacture “recti/riter 
recorders to your specifications for OEM 
use. Write for complete information. 


° TEXAS INSTRUMENTS 


INCORPORATED 


INDUSTRIAL INSTRUMENTATION DIVISION 
3609 BUFFALO SPEEDWAY * HOUSTON, TEXAS * CABLE: HOULABD 
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Sun Oil Company reports: 


“TWO YEARS OPERATION-—- ’ 
AND WE HAVEN'T HAD A CONSOTROL : 
OFF THE PANEL YET” 





Not only by their unvarying dependability of control, but also 
through unusual economy of maintenance, Foxboro pneumatic Con- 
sotrol Recording Control Stations have proved a profitable investment 
for Sun Oil Company at Marcus Hook, Penna. 


Over two years ago, 129 pneumatic Consotrol instruments were 
installed as complete instrumentation for the control rooms of the 
ammonia plant and the Houdriflow catalytic cracking unit in this 
modern Sun Oil refinery. In continuous operation ever since, not a 
single Consotrol Recorder or Controller has yet needed recalibration 
or realignment! 


Add to this the fact that Consotrol Recorders need replacement of 
their full-scale, 4-inch strip charts as infrequently as once a month — 
re-inking only twice a year — and it’s easy to understand why Sun 
Oil men at Marcus Hook are more than satisfied with Consotrol Each pneumatic Consotrol Control Station consists of a 
equipment. Recorder with M/58 Controller integrally mounted at 
Get the full story of these ultra-dependable Recording-Controllers eg toeg. gay Ga eet Cee eet gee 
before you design your next control system. Write for Consotrol 

Bulletin 13-18. The Foxboro Company, 341 Neponset Avenue, SHOWN OPPOSITE is part of graphic contro! panel 


Foxboro, Massachusetts. for cracking unit at Sun Oil Company, Marcus Hook, 
Penna. All panel instruments were supplied by Foxboro. 





















*Reg. U. S. Pat. Off. 


CONSOTROL INSTRUMENTS 


January 1959, ' CIRCLE NO. 16 ON PAGE 91 23 






LEVEL-TEL 


_ment, recording and control. 


IMPORTANT 
ANNOUNCEMENT 


LEVEL-TEK 


LEVEL-LOG 


New family name for 
Robertshaw level measurement 
and control instruments 


Effective January 1, 1959, Robertshaw will adopt 
more uniform and meaningful trade names to 
identify its line of capacitance instruments. 


If you are engaged in mining, refining, processing or manufactur- 
ing...if you utilize or encounter liquids, granular solids, powders 
and interface... you can rely on these time-tested products. 
LEVEL-TEK (formerly Tektor) — An on-off device which operates local or remote 
warning devices or motor-driven valves and pumps when a predetermined level 
has been reached. 

LEVEL-TEL (formerly Telstor) — A continuous level system which detects, meas- 
ures and visually indicates changes in media level. 


LEVEL-SET (formerly Pneutronic Level Controller) — An instrument which con- 
verts changes in level to proportional changes in air pressure for maintaining a 
constant head in vessels where pneumatic feed control systems are employed. 


LEVEL-LOG (formerly Series 42 Recorder-Controller-Indicator) — A versatile and 
extremely accurate RF null balance capacitance system for level measure- 


AERONAUTICAL AND INSTRUMENT DIVISION BSI 


Bhertshaw Fulton CONTROLS COMPANY 


SANTA ANA FREEWAY AT EUCLID AVENUE + ANAHEIM, CALIFORNIA Baad 
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What Are The Russians 


Doing in Instrumentation? 


Latest Data on Soviet Instrumentation and 


Automatic Control as Reported by the Russians 
Now Available 
in 4: English Cover-to-Cover Translations 


1. MEASUREMENT TECHNIQUES (lzmer- 3. AUTOMATION AND REMOTE CON- 
itel’ nava Tekhnika) — Russian original pub- TROL (Avtomatika i Telemekhanika)—Rus- 
lished bi-monthly by the Committee of Stand- sian original published monthly by the Insti- 
ards Measures and Measuring Instruments of tute of Autorhation and Remote Control of 
the Council of Ministers, U.S.S.R. Of partic- the Academy of Science, U.S.S.R. Articles on 
ular interest to all who are engaged in the all phases of automatic control theories and 
study and application of fundamental measure- techniques. This is the Russian 1958 Vol. 19 
ment. series. (1957 Vol. 18 is also available but not 
General included in special subscription price.) 
U.S.-Canada, $20.00; Other Countries, $23.00 General 
Libraries of Non-Profit Academic Institutions U.S.-Canada, $30.00; Other Countries, $33.00 
U.S.-Canada, $10.00; Other Countries, $13.00 Libraries of Non-Profit Academic Institutions 
Single Issues: $6.00 U.S.-Canada, $15.00; Other Countries, $18.00 


Single Issues: $6.00 





2. INSTRUMENTS AND EXPERIMENTAL 4. INDUSTRIAL LABORATORY §(Zavod- 
TECHNIQUES (Pribory i Tekhnika Eksperi- skaya Laboratoriya) — Russian original pub- 
mata)—Russian original published bi-monthly lished monthly by the Ministry of Light Metals, | 
by the Academy of Sciences, U.S.S.R. Articles U.S.S.R. Articles on instrumentation for ana- 
relate to function, construction, application lytical chemistry and physical and mechanical 
and operation of instruments in various fields methods of material vn and testing. 
i i Genera 

ancuhinaaad ~— U.S.-Canada, $35.00; Other Countries, $38.00 

U.S.-Canada, $25.00; Other Countries, $28.00 Libraries of Non-Profit Academic Institutions 

Libraries of Non-Profit Academic Institutions U.S.-Canada, $17.50; Other Countries, $20.50 

U.S.-Canada, $12.50; Other Countries, $15.50 Single Issues: $6.00 


Single Issues: $6.00 








Subscribe to all 4 Soviet Journal and Save 


General Libraries of Non-Profit 
U.S. - Canada Other Countries Academic Institutions 
$100.00 $120.00 U.S. - Canada Other Countries 
$50.00 $62.00 


















Send money order, check, or company purchase order to In- 


To 0 ger strument Society of America, Dept. 603, 313 Sixth Avenue, 


Pittsburgh 22, Pa. Indicate which journal or combinations you 








want. Take advantage of the reduced price. Order all four. 
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for economical remote recording of temperature. . 


new HAGAN TC POWRLOG! 


(THERMOCOUPLE) 
LOW first cost 
LOW maintenance cost 

LOW parts inventory cost 


sal al 
= an 
“ 


ae eT i 


ww 


UNIQUE CONSTRUCTION same 
amplifier used for all temperature 
applications: by simply changing 
plug-in input box. 

UP TO FOUR different variables 
may be recorded on the same chart. 


ACCURATE—PowrLog’s resolution 
is 0.1% of full scale, overall instru- 
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ment accuracy—0.5%. 





——------- FAST—with. pen driveshaft torque 
of 45 in./lb., PowrLog achieves full 


scale pen deflection in 2 seconds. 


STABILITY ASSURED— simple ad- 
justment balances gain to resolution, 
no hunting or dead band problems. 





The Hagan model TC (thermocouple) PowrLog 
receiver provides low cost remote measurement 
and/or control of temperatures with a high degree 
of accuracy. The system consists of an amplifier, 
drive motor and gear train as the basic unit. 
Associated with this basic unit are a series of plug- 
in input boxes, one for each type of measurement. 
Every component part has been selected for reli- 


The net result is the reduction of maintenance 
costs and problems to a new low. 

Since the same high-gain AC amplifier is used in 
all applications, parts stocking problems are elimi- 
nated, with consequent savings in inventory costs. 

Write for descriptive bulletin, or ask a Hagan 
engineer to explain the many specific advantages 
of the new PowrLog for temperature measurement 


ability, accuracy and long wear characteristics. and other applications. 
CHEMICALS & 


-y AGA CONTROLS, INC. 


DIVISIONS: CALGON COMPANY, HALL LABORATORIES 


HAGAN BUILDING, PITTSBURGH 3O, PA. 
In Canada: Hagan Corporation (Canada) Limited, Toronto 
European Division: Via Flumendosa No. 13, Milano, italy 
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FOUR IMPORTANT NEW SHORT-TRAVEL POSITION 
TRANSDUCERS FROM BOURNS 


Here are four problem-solvers made especially for travels of | 
These are small instruments—units you can fit into the really tight spaces. 
All of them offer long life under extreme vibration and heat (as high as 450°F 

.and each one solves a special problem, too 


1 The Model 158 is small, tubular, unique — 
it fits completely inside hydraulic actuators or other telescoping devices 
2 The model 141 LINIPOT® is the smallest unit 
of its type available. Cross section is only V/4"x %/' 
3 Where alignment is impossible, or where 
side loads exist, use the Model 156 ALIGN-O-POT®. It's self-aligning. 
4 If you have high vibration environments and alignment 


problems, your solution is the Model 157 ALIGN-O-POT. 


These are only four models. There are hundreds more available, 


with many variations, in travels up to 32 


BOURNS 


Write for feet | 

new Instrument ° 
Brochure Laboratories, Inc. 
O®@® 
BESS 8. 


P.O. Box 2112C © Riverside, California 


FIELD OFFICES: 21 Walt Whitman Road, Huntington Station, lL. !., New York 


: 4515 Prentice Street, Dallas 6, Texas 
ORIGINATORS OF TRIMPOT® AND TRIMIT® 


Protected by one er both of U. S. Patents Nos. 
PIONEERS IN POTENTIOMETER TRANSDUCERS FOR POSITION, PRESSURE AND ACCELERATION 


2,706,230 and 2,805,307. Other patents pending. 
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THE MARK OF QUALITY 









BARBER Now, Wheelco the leader 


COLMAN 





Wheeleo offers 3-function 


Inctruments 
control forms with 


low-cost 400 Series controllers | 


1. CURRENT LIMITERS for added protection on { 
molybdenum-wound or platinum resistance 
elements. 


Proportioning with automatic 

rate and reset makes Wheelco 
stepless, electric proportioning 
control better than ever. 2. 








ANTICIPATORY ACTION to give fast warm- 
up without temperature overshoot. 





Outstanding accuracy and unmatched economy 
have been combined in Series 407 millivoltmeter  ® 
controllers by the undisputed leader in supply- 
ing stepless electric proportioning control. 
Instrument users benefit from advanced designs 


NEW PILOT AMPLIFIERS with more efficient 
components and biasing circuitry for im- 
proved linearity. 








backed by thousands of successful installations. 
Wheelco not only gives you 3-function con- 
trollers, but for stepless electric proportioning 
control your systems can incorporate: 


Ease of replacement of components 
proves of added value on battery of 


Let your nearby Wheelco engineer help in the 
solution of your control problems. He is as close 
as your telephone. You can expect more when 
you specify Wheelco and be sure you get it. 















creep test furnaces as chassis can be 


replaced even during test. 









Heat-treat department uses 12 saturable 
reactors to handle various types of 
furnaces, gets better work quality, lower 
power costs. 





Transistor cells are assembled on tinned 
tabs and go through this |2-zone furnace 
where temperature control must be 
ultra-precise. 
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Indicator Integral percentage 
Proportional adjustment output indicator 
bond . 
djustment — ° , — . 
dial si Harsh thermal shocks must be avoided in this induction 
heating setup for growth of germanium semi-conductor 

Chank a é . crystals. Growth is in Vycor tube with heating coil on 

, outside and carbon ring holding thermo-couple inside. 


retaining 
screw 


Gain 
control 
dial 


Manual 

rebalance 

adjustment 

eliminates 

the need of 

special tube Manval control High limit 

matching Operation for start-up adjustment 
switch periods 


The 3-function controller for automatic rate, reset and proportioning 
action on a millivoltmeter-type controller is a Wheelco exclusive. It 
provides outstanding process control accuracy at minimum cost. 


BARBER-COLMAN COMPANY 


Dept. M, 1342 Rock Street, Rockford, Illinois, U.S.A. 
EXPORT AGENT — AD. AURIEMA, INC., NEW YORK 


Air Distribution Products * Aircraft Controls * Small Motors 
Metal Cutting Tools * Machine Tools °* Textile Machinery 


29 


BARBER-COLMAN of CANADA, Ltd., Dept. M, Toronto 
Industrial Instruments * Automatic Controls 
Overdoors and Operators °* Molded Products 


January 1959 CIRCLE NO. 20 ON PAGE 91 








30 














supply 
Connections to alarm, 
signal or final control element 


N Gu ... precise, low-cost temperature control 
eee with new VERSA-TRAN’ 


VERSA-TRAN is an exciting new development 
in low-cost controls—an entirely different kind 
of amplifier relay that works with specially 
designed sensors to control temperature with 
the accuracy usually found only in more com- 
plex instruments. 


VERSA-TRAN relays are fully transistorized, 
vibration resistant, and designed for long, de- 
pendable service in even the most demanding 
applications. They control liquid or air tem- 
peratures in overlapping ranges from —60° to 
500° F, and surface temperatures from -—60° 
to 200° F. 


Wiring between the relay and the sensor can be 
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ordinary 18 gauge, 2-conductor cable. The relay 
is available for flush mounting, surface mount- 
ing, or for mounting in most electrical en- 
closures. It has been accepted for UL listing. 
VERSA-TRAN gives you flexibility and sensi- 
tivity at surprisingly low cost . . . is already 
solving many difficult control problems. 


Your nearby Honeywell field engineer can help 
you profitably apply new VERSA-TRAN tran- 
sistorized controls. Call him today . . . he’s as 


near as your phone. 


MINNEAPOLIS-HONEYWELL, Wayne and Win- 
drim Avenues, Philadelphia 44, Pa. 


Honeywell 
oats wr Couctiol 


to power 
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Now, because of their outstanding accuracy, reliability, and service life, 


















Statham accelerometers are specified in practically every major missile 
project in the free world. These versatile instruments are measuring 
with equal facility and utmost accuracy both the powerful linear 
accelerations associated with launchings, and the almost infinitesimal 


angular accelerations involved in spatial navigation. 


The precision of Statham instruments is typical of the “progress in 
measurement” that has come about within a single lifetime; however, 
the need for progress has not ended. Using the same inventiveness 
that produced the unbonded strain gage and made possible the 
present “state of the art,” Statham research and development continues 
to set the pace for advancement in accurate, dependable 


measurement for ground, airborne, and space environments. 





For specifications on Statham’s full line of accelerometers, write for 
Data File ISA-595-1. 









Unbonded Strain Gage and Inductive Liquid Rotor 
Angular Accelerometers 

Unbonded Strain Gage and Inductive Liquid Rotor 
Linear Accelerometers 

Temperature-Controlled Accelerometers 


INSTRUMENTS, INC. 12401 West Olympic Boulevard, Los Angeles 64, California 
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Improved Metal-To-Glass 
Alloy Holds Seals Tight 
Against Hydrogen 

at 250 Pounds Pressure 


Development of Clare’ Mercury-Wetted Contact Relays 
aided by special gas-free Driver-Harris #152 Alloy 





For all kinds of high-speed switching machines and devices 
=: , : : which demand accuracy and dependability of the highest 
Driver-Harris Alloys at work in Product Advancement order, this new Clare Type HG Relay offers a combination 
of high speed, high current-and-voltage capacity with re- 
markably uniform long-life performance. It has a con- 
servative life expectancy of more than a billion operations 
when operated within its ratings and can be driven at speeds 
up to 100 operations per second. 

In this cutaway view (234 x) a magnetic switch, her- 
metically sealed in a high-pressure hydrogen filled glass 
capsule, and a coil, are enclosed in a steel vacuum tube 
type envelope. The switch forms the core of the coil which 
provides the magnetomotive force for operating it. 

The glass enclosed switch is very compact and small 
(5/16” diameter x 2” long) yet its handling capacities of 
5 amperes and 500 volts maximum are truly remarkable. 

These features of its construction make this possible. In 
the switch segment, the platinum contact surfaces are 
wetted and protected from electrical and mechanical 
erosion with mercury by means of a capillary connection 
to a mercury reservoir below the contacts. In addition, the 
high hydrogen pressure enables the contact gap to with- 
stand a high voltage gradient without breakdown. 

Keeping the gas from leaking posed a production prob- 
lem. The specifications for the lead wires at the top of the 
switch and the tubular vacuum stem at the bottom were 
stiff. 1. Gas-tight seal against hydrogen at 250 PSI. This 
was difficult. 2. Perfect match to thermal expansion char- 
acteristics of the glass. 3. Good ferromagnetic properties. 
4. Exceptional surface bonding properties since the per- 
missible maximum 5 ampere 500 volt limits are dictated 
rather by factors relating to heating of the metal-to-glass 
seal than the current handling capacities of the contacts. 

Driver-Harris was called upon to produce such an alloy 
and succeeded in developing a special gas-free nickel-iron 
alloy No. 152 which meets all these requirements to the 
complete satisfaction of Clare Engineers. 

Do your engineering and product development plans 
hinge upon a special alloy — why not discuss it with Driver- 
Harris. We have, since 1899, produced 132 special purpose 
alloys in just this fashion — in answer to a particular prob- 
lem and extraordinary specifications. We have a special 
bulletin on Sealing Alloys if you care to have one. Your 


inquiry is awaited. iC. P. Clare & Co., Chicago, Ill. 
*T.M. Reg. U.S. Pat. Off. 


DRIVER-HARRIS’ COMPANY «4 


HARRISON, NEW JERSEY ~ BRANCHES: Chicago, Detroit, Cleveland, Louisville 


Distributor: ANGUS-CAMPBELL, INC., Los Angeles, San Franclsco ¢ In Canada: The B. GREENING WIRE COMPANY, Ltd., Hamilton, Ontario “wae 4 
’ » & 
an “Any REG. v> 
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> NEW BOOKS——— 


Instrument and Control Engineer- 

ing, Lloyd Slater, 46 pp., $1.00. 
The Scientific Instrument Industry, 

James R. Irving, 60 pp., $100. 
Two more in a series of vocational 
and professional monographs for use 
in connection with guidance activi- 
ties. Each includes history of the oc- 
cupation or industry, qualifications 
for employment, training required, 
methods of entry, opportunities for 
advancement, earnings, general 
trends in the occupation or industry 
and sources of further information. 
(Order from Bellman Publishing Co., 
Cambridge 38, Mass.) 


Insulation Testing by D-C Methods, 

E. B. Curdts, 43 pp., $2.00. 
Technical treatise for the engineer 
concerned with insulation mainten- 
ance of important electrical ap- 
paratus. A major effort on an in- 
creasingly important subject. In- 
cludes a wealth of material and val- 
uable information. (Order from 
James G. Biddle, 1316 Arch St., 
Philadelphia, Pa.) 


Proceedings of the Exploratory Clin- 
ic on New Instrumentation Re- 
quirements for Metalcutting, 116 
pp., $5.00. 

Proceedings of the recent Metal- 

cutting Instrumentation Clinic spon- 

sored by the Foundation for Instru- 
mentation Education and Research 
points up remarkable potential for 
industrial measurement instrumen- 
tation on modern machining proces- 
ses. (Order from FIER, 335 E. 45th 
Pe, es By Bee Esl 


Principles and Practice of Flow Me- 
ter Engineering, L. K. Spink, 549 
pp., $15.00. 

Revised and enlarged edition of this 

classic on flow measurement. A 

unique treatment of the subject, 

written primarily as a text book, 
yet so conveniently arranged it 
serves as a handbook for everyday 
use in commercial measurement. 

Present edition is enlarged and 

covers much broader scope than any 

previous edition. (Order from Fox- 
boro Co., Foxboro, Mass.) 


Sampled-Data Control Systems, J. 
R. Ragazzini and G. F. Franklin, 
331 pp., $9.50. 

Now available under one cover are 

important topics concerned with dis- 

crete systems, with emphasis on the 
analysis and design of sampled- 
data feedback and control systems. 

Unified treatment of original ma- 

terial. (Order from McGraw-Hill, 

330 W. 42nd. St., N. Y. 36, N. Y.) 
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STANDARD CABINETS 


provide compact 
centralized 
laboratory 
control center 












Testing performance of experimental oils in five single- 
cylinder Caterpillar Diesel engines provides a unique 
application of EMCOR enclosures at the Socony Mobil 
Oil Company, Inc. Research and Development Lab- 
oratory, Paulsboro, New Jersey. The installation of- 
fers the unique advantage of compactness and cen- 
tralization of all operating and indicating instruments 
providing ease of observance and control. Standard, 
stock frames of the EACOR MODULAR ENCLOSURE 
SYSTEM provide comparable design flexibility to 





custom-made units. Provisions for expansion or ex- Your Copy of Catalog 


change of equipment can be made at a small addi- er » Cee 


request 


tional cost compared to extensive modification or 


replacement of units of custom-type construction. 


*Registered Trademark of Elgin Metalformers Corporation 


(Sg Originators of the Modular Enclosure System 
CEMCORDELGIN METALFORMERS CORP. 


138d 630 CONGDON, DEPT. 1222 ® ELGIN, ILLINOIS 
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TEL-O-SET RECEIVERS can be used with any 
pneumatic force-balance controller. Recorder 
and indicator chassis are interchangeable: to 
make a change, or overhaul the instrument with- 
out process downtime, just pull out one chassis 
and slide in another. All adjustments and normal 
servicing can be handled from front of panel. 











TEL-O-SET CONTROLLERS provide propor- 
tional-plus-reset control. Quick-connect switch 
permits removal of controller while process re- 
mains on manua' control from front of panel. One 
basic model controls any variable. Unitized con- 
struction of a'l components simplifies maintenance, 
makes reassembly foolproof. Rate action easily 
added. 


TEL-O-SET TRANSMITTERS are as accurate at 
small spans of 20 psi and 50°F as at wide spans 
of 150 psi and 400°F. Range is fully adjustable 
without adding or changing parts; no need to 
stock an assortment of thermal systems or spring 
assemblies. High-speed response to process 
changes permits control within close tolerances. 
Can be mounted at point of measurement, in- 
doors or outdoors. 

















You save in many ways with TEL-0-SET 


transmitters, receivers, controllers 


. «+ today’s most advanced miniature pneumatic instruments 


Designed to work together as a team, Tel-O-Set transmitters, 
receivers, and controllers also can be used to advantage with other 
miniature and conventional size instruments. They’re easily in- 
stalled and serviced. 

Get complete details on Tel-O-Set instruments from your nearby 
Honeywell field engineer. Call him today . . . he’s as near as your 
phone. 

MINNEAPOLIS-HONEYWELL, Wayne and Windrim Avenues, Phila- 
delphia 44, Pa. 


Honeywell 
(Hi) Fouts ww Couttol 
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‘ INSTRUMENT TUBING 


. Costs Less—/s Easier To I/nstal/ 


SIX DIFFERENT TYPES TO 
MEET YOUR SPECIFIC NEED 


CRESCENT POLYETHYLENE MULTITUBE is 2 to 37 precision Polyethylene 
tubes spirally cabled together for greatest flexibility. The tubing assem- 
bly is protected against mechanical injury by an interlocked galvanized 
steel armor, Polyvinyl Chloride sheath, or other sheaths, as below. 


CRESCENT POLYETHYLENE PRECISION INSTRUMENT TUBING 


TYPE P is manufactured from the best high molecular weight virgin Poly- 
ethylene compound and TYPE XP of high modulus virgin Polyethylene com- 
pound selected for their superior resistance to environmental stress cracking 
and aging. Extensive research, improved manufacturing methods and rigid 
test standards have developed CRESCENT Polyethylene tubing to its present 
level of highest quality. It is furnished as single tubing in ™%”, 34” and 1%” 
sizes in up to eight bright colors. It is used extensively in manufacturing 
CRESCENT POLYETHYLENE MULTITUBE in types as follows: 















STANDARD TYPES 


TYPE PA—Interlocked metallic armor provides complete mechan- — ) —_ 
ical protection. 


+h 
pe RRP Pee er ee 





Type PA 
TYPE PAT—Polyviny! chloride sheath over the armor adds corro- 
sion protection for the armor. Can be buried in the earth. 


TYPE PT—PVC sheath gives limited mechanical protection. For 
use in troughs, trays or conduit. 


SPECIAL SERVICE TYPES 


TYPE XPT-U—Extra heavy PVC sheath over high modulus TYPE 
XP tubing permits direct burial, or use above ground 
where subject to moderate abuse. 


TYPE XPT-F—Same as XPT-U with heavy asbestos braid and outer 
PVC sheath. Provides time delay in event of flash fire. 





Type XPT-F 


TYPE XPT-FA—Same as XPT-U with heavy asbestos braid and arin 

interlocked metallic armor. Provides complete mechan- SN 
ical protection, as well as time delay in event of flash 

fire. Type XPT-FA 












Ce 


Write for complete information on these types, as well as types em- 
ploying copper or aluminum tubing. Ask for new Bulletin No. 485-C. 


CRESCENT INSULATED WIRE & CABLE CO., INC. 


TRENTON, NEW JERSEY 
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ABSOLUTELY TIGHT SEATING! 


WITH ASCO POPPET TYPE 4-WAY SOLENOID VALVES 


Dead tight shut-off—even on air—is assured 
in these four-way valves through poppet 
seals, and by a unique combination of metal 
to metal and resilient seating. No lapping, 
grinding or close adjustments are necessary 
—no binding or leaking can occur. Short 
piston disc assembly travel, basic design 
simplicity eliminate maintenance problems. 


ASCO 4-way Valves are available in %” 


through 1” 


cycling rates to 850 per minute. 


Dual Solenoid (Bulletin 8244): operates 
when either solenoid is energized; will 
not return until opposite solenoid is en- 
ergized (single solenoid types return when 
de-energized). In dual solenoid valves, sole- 
noids may be energized continuously or 
momentarily. 


sizes, in standard, explosion- 
proof or water tight enclosures. They can 
be mounted in any position, and permit 


(PRESSURE) C2 EXHAUST CI 
C2 EXHAUSTS AND PRESSURE MOVES TO CI 


J.1.C. Construction (Bulletin 8346) ASCO 
Single and Dual Solenoid Valves can be 
furnished to Joint Industry Conference re- 
quirements—valves are provided with sub- 
plates, vapor-proof solenoid enclosures, and 
manual overrides, and are electrically in- 
operative with the cover removed. 


Operation: ASCO Single Solenoid 4-way 
Valves are power-driven in both directions 
by line pressure. When the solenoid is 
de-energized, line pressure applied to the 
top of the piston core forces it off the seat, 
eliminating possible sticking due to re- 
sidual magnetism. Line pressure is applied 
to Chamber A, moving the piston-dise as- 
sembly to the left. When the solenoid is 
energized, Chamber A is exhausted and 
line pressure drives the piston to the right. 
Single solenoid type (illustrated) operates 
when solenoid 1s energized; returns auto- 
matically when de-energized. 


New! Catalog No. 202 covers the 
ASCO line of Solenoid Valves. 
Write for your copy today. 


For Immediate Delivery... 
World’s largest stock of 
Solenoid Valves. A complete 
Solenoid Valve Stock List will 
be sent to you with your copy 
of Catalog No. 202. 


ASUG. 


Automatic Switch Co. 


52-H Hanover Road, Florham Park, New Jersey * FRontier 7-4600 
AUTOMATIC TRANSFER SWITCHES - SOLENOID VALVES + ELECTROMAGNETIC CONTROL 


NO ON 
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He Who Hesitates Is Lost 


Most of us are so engrossed in the daily routine, that we may not be aware of the significant 
change in process instrumentation. Systems engineering and dynamic design keynote this change. 
Unfortunately these two “new terms” have been degraded, extolled, warped, twisted and popularized 
to a well misunderstood engineering technique. 


But they are here, they exist because they bring results, and they will stay. In a nutshell they are 
better ways of designing and building plants, but they require a new kind of knowledge and train- 
ing. Perhaps the single biggest reason that systems engineering is “panned” is the fact that many 
supervisors, department heads and senior instrument engineers don’t have the knowledge and skills 
to appreciate it or practice it. Because it poses a threat to their ego, their job, and their ability, these 
people say system engineering practices won't work, are too expensive, and are a lot of fancy ginger- 
bread that plants don’t need. 


We are seeing the end of an era in process control — the era during which empirical cut-and-dry 
grades of application engineering produced excellent results. With a pioneer spirit, engineers and 
technicians adopted instrumentation as a profession. They could practically guarantee improvement 
as instruments did things to processes that humans could not. Now they are approaching the limit of 
what they can do with yesterday's methods — even with today’s hardware. 


Management wants increases in production quality and output, even though these increases are 
relatively small percentages of the total. The old fashion instrument engineer will find it mighty 
tough to give management the improvements they expect by cut-and-try methods. It is too expensive 
to build a plant and experiment with instrumentation. Simulation, dynamic analysis, synthesis, coordi- 
nated planning and mathematical approaches to the total design problem are needed to assure that a 
process will operate within reasonable and known limits. Facts must be known before a process is 
built — not after. For those processes now in operation that demand improvement, the same tech- 
niques of systematic evaluation and analysis are needed to determine the facts and provide the basis 
for a design modification or a change in operations. Systems engineering techniques are the best known 








to meet the demand from management for maximum productivity from its investment in manpower, 
money and materials. 
8 the 
alves, Now is the time for engineers to evaluate their status, in the face of the implications of systems 
ay. engineering. They must prepare their technical know-how and engineering attitudes to meet the 
— needs which systems engineering practices demand. If they don’t, alert management may be forced 
ee to seek another way to implement the procedures and systems that will bring about the expected im- 
of provements in process control. Instrument departments can well be on the brink of losing their 
on responsibility for process control unless they realize that instruments are just one aspect of a process. 
. Aggressive action to learn about and discuss the implications and possibilities of systems engineering 
PY | is the first step. 
a Instrument engineers who fail to heed signs of the changing times may well be ground under the 
wheels of progress. 
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Systems Engineering 
is Here to Stay 


—if will be a dominate factor 
in process control during 1959 





Systems engineering is a realistic way of doing engineering. It is not a 
mythical, blue-sky concept. It is now being used with benefits and in- 
fluences that can be seen. It offers management a means to potential 
profit that cannot be ignored. Instrument engineers and technicians must 
orient their attitudes and actions to fit the change that systems engineer- 


ing is making. 


The Concept and Scope of Process Systems Engineering 


by C. R. Otto, (Member ISA), Engineering Department, 
Design Division, E. 1. duPont deNemours & Company, Inc., Wilmington, Dela. 


Because the term “systems” can imply so many things, 
the concept of systems engineering has been referred to 
indiscriminately and its meaning has become misunder- 
stood. Traditionally process engineering, for example, 
has always involved coordinated design of many inter- 
related elements, and in that sense can be called systems 
engineering. Historically the strongest association of 
systems engineering in process design has been with 
the engineering techniques developed to handle auto- 
matic control loops. The term is used here with such 
implications and includes dynamic as well as equilibrium 
concepts. 

Systems engineering has been described as a method, 
or procedure, for an engineering analysis of a system. 
It is not alone the activity of the traditional branches of 
engineering and displaces none of these: rather, it is a 
procedure which encompasses and utilizes the knowl- 
edge of all of the traditional engineering disciplines and 
adds concepts not normally considered by conventional 
equilibrium approaches. This procedure permits quanti- 
tative dynamic analyses and leads to the coordinated and 
balanced assembly of components into a satisfactorily 
functioning combination. Being an engineering pro- 
cedure, optimization from the standpoint of functional 
efficiency and required economic return is inherently 
implied. 

This definition implies an organized procedure. It 
might refer to two practices. Oldest is the empirical 
approach or the traditional ‘“cut-and-try” method, 
which is largely intuitive and essentially qualitative. 
The second and more recent procedure is that of analyz- 
ing a process system quantitatively, which more ac- 
curately represents our definition of systems engineer- 
ing. More common usage of the term appeared con- 
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currently with the introduction of practical mathe- 
matical procedures for application to dynamic systems. 

Our definition implies a consideration of economics 
as well as technology. If carried to extremes a quanti- 
tative design could result in near optimum technical 
performance, but probably with unrealistic cost for cus- 
tom construction rigidly to specifications. In the process. 
industries the cost of investment, operation, and main- 
tenance, together with the financial returns will dictate 
compromises in order to use standardized, lower priced 
hardware. 

Our definition implies quantitative dynamic analysis. 
The engineering procedure of systems engineering very 
definitely requires the capability of analyzing and syn- 
thesizing quantitatively the transient effects inherent in 
time-variant process systems. The inclusion of dynamic, 
or transient, analysis is the major difference between 
the older practices and the newer present-day concept 
of systems engineering. All the established procedures 
for design under equilibrium conditions are still essen- 
tial. Dynamic analysis is an additional consideration to 
insure a coordinated and balanced system of interrelated 
components under both equilibrium conditions and dur- 
ing upset conditions. 

Here are three examples which illustrate the results 
of a modern systems engineering approach. 

Trouble Shooting A Reactor Feed Problem. J. M. 
Mozley discusses the analysis of a chemical reactor feed 
system in a paper “The Role of Systems Engineering in 
the Chemical Industry”, presented before 1957 ASEE 
Annual Convention. Two liquid streams are preheated 
and fed to a polymerization reactor in precise weight 
ratio. When trouble developed each component was 
checked and some modifications were made to reduce 
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wide variations in upstream and downstream pressure. 
The control system still did not operate properly. Final- 
ly, every possible upset was analyzed and tabulated. 
The trouble became apparent—the temperature control- 
ler had not be2n properly aligned. In this case each 
componnt seemed to perform at its optimum, yet satis- 
factory operation was not achieved until interrelated 
performance was taken into account. 

Simulating A New Reactor Design. R. L. Moore de- 
scribes a more complex system analysis problem in his 
paper “The Computer Team Approach to Control Sys- 
tem Design”, ISA Journal, December 1957, p 548. Three 
gas streams are fed in very exact proportions into a 
reactor. The ideal scheme was determined by experi- 
mentation with an analog computer, considering all 
operating disturbances, which included several inter- 
acting conditions of the three gas streams. Here, it was 
necessary to consider all factors simultaneously in a 
dynamic condition. The simulation before actual con- 
struction provided quantitative numerical data for sys- 
tem design. 

Revising An Existing System. Batke, Franks and 
James describe the results of a systems engineering 
approach in analyzing an existing reactor which showed 
dynamic instability in their paper “Analog Computer 


Simulation of a Chemical Reactor’, ISA Journal, Janu- 
ary 1957, p 14. In this case a systems approach was 
necessary because a number of interrelated components 
had to be considered simultaneously. There were more 
process equipment units than control components. 
Analysis in a quantitative manner led to several simul- 
taneous differential equations to describe variations of 
the process parameters. Alternate systems were ex- 
plored on the computer. For example, it was established 
that the capacity of a holdup tank had to be increased 
32 times for stable operation—not just be made a “larger 
tank”, with dimensions to be established by trial and 
error. The automatic controls were primarily of the 
self-regulation variety, and not the more sophisticated 
automatic control hardware. Here a systems engineer- 
ing approach showed greatest benefit in process equip- 
ment design. 


A significant feature of systems engineering is simu- 
lation before the system is built. Design changes and 
modifications are considerably less expensive to make 
at this stage in a project. As systems become more 
complex and economic factors become more critical, sys- 
tems engineering will be the only practical approach 
in determining optimum operating conditions. 


The Tools for Systems Engineering 
by Dr. Irving Lefkowitz, (Member ISA), Case Institute of Technology, Cleveland, Ohio 


In the design of relatively simple control systems, the 
instrument engineer has been able to rely on past ex- 
prience, rules of thumb, and intuitive judgment. He 
has, moreover, extended this impirical approach to the 
instrumentation of complex processes by baseing the de- 
sign on the combination of simple control loops. This 
has required conservative process design based on large 
safety factors, surge and storage facilities, etc. Un- 
fortunately these measures entail expense and sacrifice 
of process performance. 

The performance of a complex, multi-variable sys- 
tems is determined not by how well each variable such 
as temperature, pressure, and flow is controlled at 
present values, but rather by the combined effect of 
these variables on product quality and production effi- 
ciency. It is exceedingly difficult to treat the integrated 
whole in such a problem by conventional design meth- 
ods. The engineer’s perspective is limited, and fre- 
quently the cut-and-try results are totally incompatible 
with acceptable performance. Also the time and cost 
to properly consider the possible design combinations 
exceeds all reasonable limits. 

Fortunately, there have been developed a number of 
analytical and experimental tools and techniques which 
allow desired performance to be developed into optimum 
system design. They provide powerful means to predict 
and evaluate behavior of process instrumentation. 

The Transfer Function. In general we are interested 
in the relation between system variables. In particular, 
we would like to know the effect of a change in one 
variable (input) on a second variable (output). A simple 
way to show these relationships is the block diagram. 
Under static conditions the system equations and the 
functions appearing in the blocks are algebraic. This 
is a special case of the general condition in which the 
variables are changing as functions of time. For this 
dynamic condition, the system behavior is described by 
differential equations and represented in the block dia- 
gram by dynamic transfer functions. 

The linear differential equation is of special interest 
because it is relatively easy to solve, and because of 
its superposition and transformation properties. The 
Laplace transform converts the differential equation 
into an algebraic equation. The Laplace transformed 
expression relating output response to input signal is 
termed the transfer function; it characterizes the dy- 
namic behavior of the element or a combination of 
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elements. The transfer function serves as the building 
block for the analysis and synthesis of complex systems. 
The overall system transfer function of any linear com- 
bination of elements is determined by simple algebraic 
manipulation of the transfer functions of the elements. 

Determining the Transfer Function. The most direct 
approach is analysis. We write the differential equations 
based on known physical principles, then transform the 
results to obtain the transfer function. Often, we have 
limited knowledge of the physical relationshi>s so that 
analytical determination of the transfer function is not 
feasible. There are several experimental procedures. 

The transient response technique involves application 
of some known simple input functicn, such as a step or 
impulse, and recording the resulting time response. The 
transfer function may then be established with appro- 
priate interpretation of the recorded transient data. 

The frequency response method is based on the steady- 
state response of the element to a sinusoidal excitation. 
The amplitude ratio of the output to input and their 
phase relation are functions of the excitation frequency. 
The nature of this frequency is directly related to the 
transfer function. There are several graphical and ana- 
lytical techniques for determining the parameters of 
the transfer function from frequency response data. 

A third means of experimental determination of the 
transfer function is based on statistical correlation be- 
tween input and output. This technique has the advan- 
tage of not disturbing normal system operation. We can 
employ normal operating records for generating cor- 
relation function, or inject a random noise signal. 

The above transform and frequency response methods 
apply to distributed parameter systems; i.e., systems 
described by partial differential equations (thick-walled 
thermal wells, for example). However, the functions 
are generally more complex. 

Closed Loop Systems. We may determine, by one or 
more of the methods outlined above, the transfer func- 
tions of each of the components of the system; then, 
through simple algebraic manipulation, derive the trans- 
fer function characterizing the overall system behavior. 
Because of the influence of the negative feedback loop, 
the response modes and general behavior of the control 
system are substantially different from those of the 
component elements. Many techniques have been de- 
veloped which permit direct interpretation of the closed- 
loop behavior from the open-loop transfer function. De- 
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sign attributes such as stability, speed of response, static 
error, etc. are readily evaluated from the open-loop fre- 
quency plots. 

Non-Linear Systems. Most practical systems, partic- 
ularly in the process field, contain dynamic elements 
which are not linear. However, we may still apply linear 
theory and techniques to such systems by linearizing the 
response of the non-linear elements. 

Linearization consists of approximating the response 
function by the straight line tangent to the curve at the 
operating point. This is equivalent to representing the 
function by just the first order term of its Taylor series 
expansion. Obviously the approximation is reasonably 
good only for small deviations of the variables from the 
operating point. Two other techniques for studying non- 
linear systems are the describing function and the phase 
plane; the former is effective in the frequncy domain, 
the latter is essentially limited to representing transient 
behavior. There is an increasing tendency to use the 
computer in the study of non-linear systems because it 
provides exact solutions and is not particularly limited 
by the complexity of the equations. 

Techniques have been developed for deriving opti- 
mum system design based on appropriate error criteria 
and given statistical properties of input or disturbing 
signals. Statistical methods are finding increasing ap- 
plication in the process field to handle randomly varying 
loads, noise effect, etc. 


Computer Control. The advent of the modern high- 
speed computer has opened up many new and exciting 
possibilities for the control of processes to specified 
performance criteria. We might assume, for example, 
criteria based on satisfying product specifications con- 
sistent with minimum cost of production. Here, vari- 
ational calculus may provide the equations upon which 
a computer control program is based. The computer 
element introduces sampling into the control loop as a 
result of the finite time required for the translation of 
input signal values into computed response functions. 
The sampling operation is typical also of modern data- 
handling systems and many instruments for composition 
analysis. Although these sampled-data systems can be 
treated by conventional methods, many new techniques, 
such as the z-transform, now provide much more effi- 
cient means for their analysis and interpretation. 

The effective use of these tools demands of the sys- 
tems engineer a broad background which cuts across 
conventional boundaries of the physical, engineering and 
mathematical sciences. It requires also an ability to ap- 
proach problems analytically, to reduce the physical 
system to an appropriate mathematical model to which 
all the power of mathematical manipulation, extrapola- 
tion and interpretation can be applied. It is important, 
further, that he have sufficient understanding of under- 
lying principles so as to appreciate the limitations of a 
method or approach. 


The Organization for Systems Engineering 
by Grant E. Russell, (Member ISA) ,Manager, Systems Engineering Section 
Monsanto Chemical Company, St. Louis, Mo. 


An organized, over-all process control or system 
engineering approach is in its infancy in the chemical 
industry. It will take considerable work and time be- 
fore this new infant is fully accepted in its rightful place 
in the family. The way in which problems of organi- 
zation and administration are handled will have a great 
influence on its effectiveness and acceptance. 

The results which systems engineering are bringing 
and hold for the future make it worth the time and 
patience required to convey and “sell” the systems con- 
cept. Systems engineering is a way of doing things. When 
we know enough about it, it will become incorporated in- 
to chemical engineering—at this point a separate organi- 
zation will not be needed. In the meantime there is 
plenty of work to be done. 

There are several factors which are essential in the 
application of systems engineering—there must be clear 
cut statements of who shall do what; where these people 
and responsibilities fit into the company structure; 
provision for freedom of action; opportunity for colla- 
boration and unmolested communication; and top man- 
agement understanding and support. Any organization 
which imposes serious limits on these factors is wasting 
time and money. 

Knowledge and skills in many areas of science and 
engineering are required of people working in systems 
engineering—chemistry, mathematics, physics, mechan- 
ics, electricity, etc. The employment and training of 
people who can operate effectively across these bounds 
is a very special and critical problem. 

Why Change Present Methods? Should we upset con- 
ventional methods of design and research. Yes, because 
management is demanding maximum productivity from 
its investment in men, money and materials. Systems 
engineering holds the potential of reducing capital in- 
vestment by substituting small, highly-responsive equip- 
ment for mass and storage capacity; obtaining maximum 
possible yields; increasing output per man-hour; im- 
proving the management and control of processes; and 
making possible entirely new concepts of processing. 

Functions of a Systems Engineering Group. The de- 
tails of organization of any process control or systems 
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engineering group will naturally be controlled by the 
company structure, size, and past history in handling 
engineering activities. In most large companies it seems 
fairly clear that large scale systems engineering should 
be carried out by a central organization, because the 
methods and results are of interest to all divisions. 

The group must develop methods of applying systems 
concepts and process control theory to chemical pro- 
cesses. This requires considerable research, which is 
difficult because of complex, nonlinear behavior of 
reactions and equipment. Mathematical models must be 
obtained, including reaction kinetics, and dynamic re- 
sponses of processing equipment and instrumentation. 
Experimental data are required to support theoretical 
work and verify simulations. The real payoff in opti- 
mum process design will come when systems techniques 
can be used to direct all of research and design. 

Availability of computing equipment is important to 
the success of any systems engineering effort. Both 
digital and analog computers have a definite place in 
the chemical industry. But analog machines, with their 
ability to handle differential equations, are preferred 
equipment for kinetic and process control studies and 
the systems engineering group should have a computer 
under its control. One of the most significant facets of 
systems engineering is likely to be the development of 
computer methods for engineering design. For example 
many kinetic studies in chemical engineering have been 
oversimplified or abandoned because of the inability 
to handle the necessary mathematics. Computers can 
eliminate these mathematical restrictions. 

The systems engineering group must provide experi- 
mental and engineering data on dynamic characteristics 
of process equipment and control instruments. There 
is no appreciable accumulation of knowledge on dy- 
namic behavior of process equipment. Frequency re- 
sponse and other techniques can be used to obtain data 
for future designs and for application to existing sys- 
tems. Both static and dynamic behavior of commercially 
available instruments must be determined so that proc- 
ess simulation and applications can be made. The sys- 
tems group requires laboratory facilities for determi- 
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nation of process and instrument dynamics. They must 
develop special devices for engineering analysis and 
process measurement and control. The success or fail- 
ure of a whole project may depend on the skill and 
ability which have gone into the invention and develop- 
ment of instrumentation. 


The development of fundamental chemical engineer- 
ing design procedures based on systems engineering is 
one of the most important functions of the systems en- 
gineering group. This group must be the forerunner 
with experimental projects, novel control schemes, com- 
puter control, and new concepts of process dynamics. 
Chemist and engineers will be encouraged to develop 
kinetic reaction data for realisti coptimum process 
design . 


Educational programs must be conducted to prepare 
current engineering and research personnel for systems 
projects. This is necessary because chemical engineers 
are poorly trained in areas which are particularly im- 


portant to systems engineering. They practice the 
“steady state art.” Little or no consideration is given 
to dynamic process characteristics in academic train- 
ing. The conventional division of unit operations such 
as distillation, evaporation, drying, etc. tends to frag- 
ment rather than integrate an engineer’s ideas of a proc- 
ess. While universities are gradually changing in this 
regard, advanced training must be provided by industry 
for engineers on the payroll. 

Monsanto has used seminars, short courses, lectures, 
conferences, and academic leave programs. Selected en- 
gineering and research personnel have been released 
from company duties to attend full time graduate level 
programs at St. Louis University. The major courses have 
been in fields of servomechanisms and operational math- 
ematics with special emphasis on chemical processing 
problems. An important feature is that men who com- 
plete this program will not enter the central systems 
group but will return to their original location through- 
out the company. 


Attitudes and Responsibilities 
by Walter S. Bowers, (Member ISA), Supervisor, Control Systems Group 
The Standard Oil Company (Ohio) , Cleveland, Ohio 


The final responsibility for success with systems en- 
gineering lies with plant operating groups. If its full 
profit potential is to be realized, plant thinking and 
organization will have to be critically examined. 

The essential requirements are—(1) control people 
must develop a healthy appreciation for overall system 
requirements, including all pertinent process factors. 
Instrumentation must be treated as a part of the overall 
process control system. (2) The maintenance organi- 
zation must expand from a “fix-it” group to include 
“trouble shooting” and dynamic analysis techniques. 
Instrument people must use more science and less art 
in engineering, operation, and maintaining systems. 

While systems engineering has been glamourized, 
over-publicized and misunderstood, it is now an actu- 
ality in the process industries. There is indisputable 
value from its use, and we will be seeing more and 
more of it. Already it is beginning to make a big change 
in the status of instrument engineering. However, it can 
come to a grinding halt if it is not properly organized, 
or loses the confidence of management. 

Instrument engineers and technicians tend to become 
engrossed with devices themselves. In so doing they 
forget that instruments are only a part of the process. 
They must develop the ability to appreciate and under- 
stand all factors involved in process design. The follow- 
ing problem illustrates this point in a relatively un- 
dramatic way. 

Difficulties were encountered with corrosion control 
in a circulating water system to heat exchangers. Acid 
neutralizers and inhibitors were used with a fully in- 
strumented system, but overall corrosion was not re- 
duced. The instrumentation was carefully checked and 
the pH electrodes thoroughly cleaned. Still the pH 
cycled over a wide range and corrosion was not reduced. 
A systematic investigation of the entire process un- 
covered a faulty acid mixing arrangement. Correcting 
this helped us get the control of water corrosion. 

This and similar cases have shown the fundamental 
need for a change in viewpoint by both process and 
instrument people. There must be a coordinated ap- 
proach to the entire process—the control system, process 
equipment, operating techniques, and instrument hard- 
ware. It is worth repeating that control systems must 
be designed integrally with the process. 

Plant instrument group responsibilities must be re- 
evaluated. Somewhere in each plant there must be a 
group which will keep instruments and control equip- 
ment working at optimum levels. To do this they 
should be capable of control system trouble shooting 
and operational analysis. The group responsible for all 
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aspects of systems control in a plant might have the 
following general assignments: 


PLANT CONTROLS SYSTEMS GROUP 

. Training operating and maintenance people in the 
design factors and operational details of the entire 
control system. 

2. Putting the system “on-stream” and adjusting it for 
best overall operation. 

3. Keeping the system “tuned up” for optimum results. 

4. Keeping the plant management up-to-date on all op- 
portunities for greater profit through control systems. 

5. Providing liaison and co-ordination of all control 
system activities to insure their compatibility with 
plant needs and objectives. 

There are two general types of organizational arrange- 
ments which would integrate such a Control Systems 
Group. The first separates the maintenance and engi- 
neering functions. Here the instrument repair group 
would be a part of the general plant maintenance ac- 
tivity. The engineering group would be a staff attach- 
ment either under the chief engineer as a branch of 
general engineering and maintenance or as a part of 
plant operations. Excellent results could be expected 
from this organization except for item 3 above. One 
advantage is that everyone involved could devote their 
efforts to the most profitable tasks, and not be saddled 
with routine “fire fighting” jobs. A disadvantage could 
be that staff status would give insufficient direct re- 
sponsibility for plant operating results. Good ideas might 
be wasted. 

The second arrangement is to keep all functions in 
the Control Systems Group, with this activity being 
part of the line organization directly under the Process 
Manager. Because this status placed direct responsibility 
and authority in one area, excellent overall results 
could be expected. Here again the engineering aspects 
should not be loaded with routine because they are 
conveniently positioned. 

Again let me re-emphasize the point that, in the end, 
success with systems engineering will depend to a very 
large extent on how well it is put in to use by the 
plants. The best engineering practices and paper designs 
will fail to realize their potential if plant people do not 
understand, or can not handle them. The potential 
profit from optimum process control is large enough 
to attract full management attention. Plant instrument 
people must prepare themselves and their organiza- 
tion to meet this need. If they don’t, an alert manage- 
ment may be forced to find another way to obtain the 
improvement in process control. 
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Once the design problem is defined, the first 
major activity in the systems engineering meth- 
od is a literature search. Author Fields at work. 


Design 


of a pH Control 





System by Analog Simulation 


A report of a systems engineering approach to the design of a waste disposal treating sys- 
tem at Union Carbide Chemicals Company plant at South Charleston, West Virginia. A 
system has been designed which can rapidly adjust pH of a 12,000 gpm stream with in- 


put variations from pH | to pH 15 and 2:1 changes in 


in flow. Optimum perform- 


ance is accomplished by high-speed mixing, linearized pH measurement, and use of a par- 
allel controller which permits fast stable action regardless of changing process dynamics. 


by William B. Field (ISA Member) 
Systems Engineer 
Union Carbide Olefins Company 
South Charleston, West Virginia 


IN KEEPING WITH AN INTERSTATE antipollution 
effort to clean up the Mississippi-Ohio River watershed, 
there will go on stream, sometime in 1960 at South 
Charleston, W. Va., a new disposal facility capable of 
treating the entire fluid waste of the main plant at 
Union Carbide Chemicals Company. One of the major 
problems in design was pH control. Through applied 
systems engineering and analog simulation, a high-speed 
cascade process for pH control over wide ranges was 
designed. This article is a detailed discussion of this 
design. 

Engineers will agree that automatic pH control sys- 
tems are among the most troublesome encountered in 
chemical processing. This being the case, it was decided 
to employ a systems engineering approach and to use 
analog simulation. Dr. Robert Jeffries! said that systems 
engineering always reduces in essence to instrumen- 
tation and makes it possible to do the impossible. Dr. 
C. A. Stokes? said in a recent ISAJ article “when auto- 
mation and processes can be developed from scratch 
as one integrated whole, we finally will begin to have 


1 Superior numbers refer to similarly numbered references at the end of 
this article 
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true process plant automation. In the next few years, 
I predict we will make tremendous advances in con- 
ventional automatic control. There’s almost nothing in- 
strument engineers can’t accomplish if they go about 
it in the right way.” This article bears out Dr. Jeffries’ 
statement, and the anticipated success of the project 
will justify Dr. Stokes’ pronouncement. 

The systems-engineering analog-simulation approach 
has several advantages. First, the method forces the 
engineer to make a detailed and thorough assessment 
of the system under study. The inherent properties must 
be understood, and with that understanding comes new 
concepts which then can be conveniently tested for 
feasibility on the analog computer. Second, a realistic 
analysis can be made of various characteristics from 
interpretations of the behavior exhibited by the com- 
puter model. The systems engineer can actually “see” 
at will the intermediate action at any point in the 
model. Since the analog computer program includes all 
of the characteristics—chemical, mechanical, and in- 
strumental—the system is available for study as an 
integrated whole. Third, a system design so derived 
permits a full, quantitative set of specifications to be 
drawn covering both static and dynamic conditions. 

In general, the systems-engineering analog-simulation 
method involves these major activities. 


(1) statement of the problem 

(2) literature search 

(3) develop the process system for simulation 

(4) build computer circuits to simulate the process 
(5) test the analog model 

(6) logical experimentation to determine final design 
(7) build process and evaluate its performance 
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1. The Problem 


The basic design of this waste disposal plant incor- 
porates three phases of treatment: (1) sedimentation 
basins for clarification, (2) pH neutralization, (3) an 
activated sludge and aeration pool for reducing the BOD 
(biological oxygen demand). The project described in 
this article is concerned with the pH neutralization 
phase. Extreme acidity or alkalinity can kill the living 
microorganisms which make up the activated sludge 
system. Since three to four weeks are required to re- 
establish the culture, it is mandatory that a neutral en- 
vironment be maintained in the zone pH 6 to pH 9, 
which thus became the required effluent tolerance band 
for our pH control system. 

From an in-plant survey and certain experimental 
measurements, it was known that the system would be 
subjected to three independent variables. 


1. The input pH can vary over twelve decades at a rate as fast as 
one pH unit per minute. 

2. The stream flow rate can change over the range of 6,000 to 12,000 
gpm in five minutes. 

3. The commercial grade reagents to be used can vary in strength 
by several percent. 


Almost immediately these questions can be asked by 
the designer: 


1. Can the adjustment be carried out in one stage? If not, how many 

are required? 

What are the proper tank sizes? 

Where should pH measurements be located? 

. Should open-loop or closed-loop control be used? 

. Will linear or characterized valves serve best? What are suitable 
ranges? 

. Can feed-forward, adaptive, or cascade control be employed advan- 
tageously? 

7. What are appropriate controller settings? 
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Arriving at correct answers to these questions is a tall 
order, but in essense they must be resolved before the 
system can be considered to be properly designed. And, 
as is so often the case, during the course of a study 
many additional factors appear which complicate these 
questions. 


2. Literature Search 


The second step in the project was a literature search 
—to learn the characteristics of a pH process. Before 
any simulation of a complex process can be attempted, 
a considerable program of analysis and data accumula- 
tion must be undertaken. The fundamental laws which 
govern the system must be understood. The dynamics 
through which they operate must be evaluated. 

The essential plan in a continuous neutralization proc- 
ess is to monitor its pH, inject the right amount of 
reagent as required, mix it well, and then pass it on. 
However, when the stream is advancing to the control 
stage at the rate of 12,000 gallons per minute, the prob- 
lem gets more complicated. 

A review of the standard text books gave us the fun- 
damental chemistry associated with neutralization and 
titration, and the familiar relationship between pH and 
the ionic concentration it represents. The following 
characteristics are of particular importance to this study: 

1. Due to the logarithmic function involved, a change of 1 pH unit is 
equivalent to a ten-fold variation in ionic concentration. 
. Ionic flux is equal to the product of the ion concentration and 
flow rate. 
A strong-acid strong-base reaction exhibits a high buffer index in 


the region of neutrality. As seen in Figure 2, the steep process 
slope presents a sensitive and critical control problem. 
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The state of the art was appraised to determine 
whether any prior systems have been developed to deal 
with extreme neutralization process requirements. A 
rich source of information was found in the detailed and 
varied descriptions written some years ago by Allen 
Chaplin.3 One of the systems that he described operated 
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Figure 2. Chemical process characteristics for NaOH vs 
H.SO, show a high buffer index near neutrality. 


on a stream which varied in flow by 4:1 and in con- 
centration by several decades. Control was accomplished 
by a two-stage process with the first one having the rela- 
tively high natural frequency of one cycle per minute. 
High reset rate and low proportional gain were used, 
and, in his own words, it “operated under load condi- 
tions more severe than any other process in the writer’s 
experience.” 

A process to neutralize nitric acid with ammonia was 
designed by the Tennessee Valley Authority* for the 
production of nitrates. A steady stream of 25 gpm was 
operated over a fixed concentration gradient of 6% 
decades through the use of two large tanks (approxi- 
mately 6,000 gallons each). The pH controls, described 
by Campbell, et al,5 are excellent examples of the 
more usual neutralization requirements encountered in 
chemical processing. They show that, even in standard 
cases, unique methods are required to achieve satis- 
factory operation. 

More to the point perhaps are the statements which 
have been made by John Baffa:® “Industrial waste dis- 
charges are generally characterized by extreme varia- 
bility of flow and quality. Applications of instrumenta- 
tion to industrial waste treatment involve many prob- 
lems ... to the instrument engineer. Solids and grease 
can plug sample lines, coat and poison electrodes, and 
weigh down floats. Corrosive liquids and fumes have to 
be handled, requiring a suitable choice of materials. 
Sensitivity of control over a wide range of flow or pH 
requires special consideration.” 

As the search expanded, it became evident that the 
project represented one of major dimensions which was 
approached only in part by previous experience. It was 
obvious that a pioneering effort must be undertaken. 
When the following remarks were gleaned from the 
literature, the enormity of the problem really began 
to take shape: 

A) Arnold Beckman’ says: “‘One aspect of pH control which often is 


baffling to persons encountering pH control for the first time is 
the extreme non-linearity of control which may be encountered.”’ 


B) Silva® made this statement: ‘‘In pH control systems, the highly 
nonlinear relationship between reagent flow and output pH will 
result in a system response which deviates from the ideal if the 
disturbance is large enough to cause the pH of the process to 
enter a region in which the process sensitivity is greater than that 
existing at the set point.’’ 

C) Buenger® notes that: ‘‘For practical purposes, the pH scale is 
from © to 14, because solutions with pH values above or below 


this range rarely are encountered.”’ 
' 


Time spent in the library served to get our design 
started in the right direction initially. For example, it 
was learned that this reaction with its high buffer index 
is comparatively stable and independent of pH load. 
Throughout the operating region there is a one-to-one 
correspondence between hydrogen ion and hydroxy] ion 
reaction. The basic chemical characteristic itself is linear, 
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Figure 3. Record shows the nonlinear relationship of 
measured pH and ion concentration, which makes pH 
control difficult. 


but the relation between measured pH and ion concen- 
tration is nonlinear. It is inherently logarithmic as shown 
by Figure 3. Another important concept which aided the 
project was that the system operates in the realm of 
ions—not pH. The mechanism of continuous neutraliza- 
tion involves the matching of stream ion flux to a point 
of balance with an equal but opposite reagent ion flux. 
Furthermore, two sets of dynamics operate on the sys- 
tem—flow variations are propagated at a different rate 
than changes in ion concentration which move by mo- 
lecular mass transfer. We decided to use caustic reagent 
(NaOH) with a pH of 15.28, and acid reagent (H,SO,) 
with a pH of —1.54. In other words, it is proposed to 
“fight fire with fire.” 

It will be noted, as we proceed, that data from many 
sources assisted in the development of the design. The 
search for more information never really ends. 


3. Developing 
the Process System 


Having defined the problem and reviewed the lit- 
erature, the next task was to bring together pertinent 
concepts and data upon which to develop a suitable 
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theoretical process design. The final developments are 
presented here in a logical order, but actually many 
conclusions resuited from experiments made later in 
the study. The main idea was to start on a sound premise 
and keep working toward the system objective by ex- 
ploring all reasonable possibilities. 

There are three general methods of keeping a system 
under control. First, an abundance of capacity can give 
steady operation by self-regulation; Second, dynamic 
action on one or more manipulated variables can im- 
mediately counteract disturbances; Third, the design 
can incorporate an appropriate measure of each. A 
choice depends upon the circumstances. For example, 
when a stream flow of 50 gpm is being adjusted in a 
tank of several thousand gallons (see reference 10), a 
maximum of capacity and a minimum of dynamic action 
is responsible for the control. This arrangement is de- 
sirable because the capacity self-regulates short-term 
variations, and its long time constant makes no high 
frequency demands on the measurement, control, and 
valve instrumentation. 

To establish such a self-regulating system (é@=—40) for 
the 12,000 gpm stream being described would require a 
vessel capacity of 5 x 105 gallons. The cost of construction 
and continuous agitation of such a tank would exceed 
the allowed budget many times. There was no alterna- 
tive but to seek a design which could achieve control 
principally through dynamic action. 

The rapid rate of change of input pH loads was the 
first topic to consider. It was Otto!! who predicted in 
1954 that: “(1) future plants, completely automized or 
not, will probably have much higher throughput rates, 
and (2) the amount of material in storage within the 
process will be reduced. These two criteria give im- 
portant clues to the future and are even now placing 
new requirements on both primary elements and con- 
trol equipment. Increased speed of response will become 
imperative. Without ‘hold-up’ to average and balance 
out fluctuations, corrections must be made faster and 
more precisely. Deviations at frequencies now regarded 
as ‘noise’ will become measured data, and corrections 
must be made at corresponding frequencies.” 

These ideas, coupled with the concept of velocity 
error, which has been defined by Closel2 as “a kind 
of error only found where one of the conditions is con- 
stantly changing while a second condition is to be held 
steady”—led to a realization that a tracking problem 
had to be solved. That is, in order to hold the effluent 
within tolerance, the in-flow ion flux variations must 
be closely followed or “tracked” by a compensating 
reagent flow from the valves. Analyzing the situation, it 
became apparent that short process time constants had 
to be established before control was possible. An inves- 


Figure 4. Schematic drawing of the neutralization sys- 
tem. Plant fluid waste enters at left, passing through 
blenders and mixers in cascade. The control loops op- 
erate independently. The letters A thru H correspond 
with dynamic responses shown in Figure 12. 
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tigation of the specifications of equipment showed that 
certain types of in-pipe mixers were rated to handle 
12,000 gpm flow rates in agitated volumes as small as 
150 gallons. This sizing would produce a mixing time 
constant of 0.0125 minute. Allowing an additional 300 
gallon line capacity for the transformation of turbulent 
conditions to swiftly moving laminar flow, where an 
adequate pH measurement could be made with an 
immersion glass electrode assembly, would generate 
a dead time of 0.025 minute. As it turned out, these 
choices proved to be fairly good. 

Because the reagent strength will vary, the use of 
open-loop control was ruled out. The choice of feedback 
control meant that accuracy could be maintained over 
a wide range but that the closed-loop stability problem 
had to be met head on. From this point of view, it was 
decided to keep any necessary blending capacity outside 
of the control loops. As will be shown later, all capacity 
for smoothing and buffering is between control stages. 

The next feature to receive attention was the extreme 
range of operation coupled with the nonlinear pH meas- 
urement. Since it constituted the only nonlinearity in an 
otherwise linear process, it seemed reasonable that lin- 
earization of the measurement signal, using an anti- 
logarithm circuit, would yield a system with apparent 
constant sensitivity. Following through this idea with 
the teaching of Ziegler and Nichols,1* who cautioned 
against the use of characterized valves on linear proc- 
esses, linear reagent valves were settled upon. 

How to deal with the wide demands in reagent flow 
was tackled next. When consideration was given to the 
reduction of pH gradients from the level of pH 1 to pH 
6 on the one hand, and from pH 13 to pH 9 on the other 
hand, and taking into account variable flow rates be- 
tween 6,000 and 12,000 gpm, it was determined that both 
acid and caustic reagent flow had to be controlled over 
a range of 45,000 to 1. Forman and Jensen,!* discuss 
the use of sequentially activated dual range equipment. 
Reinterpreting this data with the suggestion given by 
Ford,15 it seemed possible to carry out the entire oper- 
ation with three blenders, two high-speed control loops, 
and different size valves in an overlap arrangement. 
Valve operation is shown in Figure 6. 

The arrangement finally arrived at for the system is 
illustrated in Figure 4. The design is compact, calling 
for only 22,500 gallons of total capacity (@ <2). The sys- 
tem is symmetrical in that the blender sizes are equal, 
and the mixer stages have identical dimensions and 
operating dynamics. The process functions in cascade, 
but the two control loops function independently of each 
other. The first stage reduces the pH extremes to me- 
dium levels, from pH 1 to pH 4 by addition of caustic, 
and from pH 13 to pH 10 by the addition of acid. The 
second stage trims in the middle decades from pH 4 
to pH 7, and from pH 10 to pH 7. A two-point recorder 
continuously monitors the upstream loads and effluent 
control quality. 

Figure 5 shows the detailed design of the control loops. 
The first feature to be noted is that the controller is 
sensitized to ion concentration—not pH. This lineariza- 
tion makes it possible to function over wide ranges. 
The set point must be in terms of ion concentration. It 
should be noted that the use of two opposing reagents 
(acid and caustic) implies bidirectional control. The 
system makes its adjustments in relation to excess ion 
concentration about the set point. Referring to Fig. 
2, the first-stage treatment seeks a level of pH 7 which 
corresponds to an excess ion concentration set point of 
“zero” at the controller. The desired level for the second 
stage is half way between pH 6 and pH 9—the tolerance 
band. In terms of the system chemistry, the set point is 
pH 8.7 (not pH 7.5). 

Since the process represents a massive system with a 
fast set of dynamics, a noninteracting parallel three- 
mode controller was chosen. Martinez!® has indicated 
the benefits of this control for large wind tunnel op- 
eration (a fast, massive system). 
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Figure 5. Block diagram of the control system used on 
both first and second stages. Waste stream flow is top 
line. 


At the point where both acid and caustic valve actions 
occur, the polarity of the error signal is used to switch 
the controller output to either the acid or caustic valves. 
For example, considering that the error is positive when 
there is an excess of hydroxyl ions above the set point, 
the controller would operate the acid valves to return 
the balance. This switching scheme is workable because, 
on bidirectional control, only one set of valves need 
function at a time. The advantage over usual split-range 
connection is that each pair of valves is driven by the 
full range of the controller with no sacrifice in resolution. 

In terms of ionic flux, the reagent demands are ac- 
commodated with the following overlapped valve ranges 
which apply to both acid and caustic delivery: 


FIRST STAGE SECOND STAGE 
(Hi) 4500 to 180 gram-ions/m (Hi) 18 to 1.2 gram-ions/m 
(Le) 250 to 10 gram-iens/m (Lo) 1.65 to 0.11 gram-ions/m 


These data require each first-stage valve to serve a 
range of 25:1 and the second-stage valves of 15:1. A 
comparison of the maximum level of the hi-range valve 
at the first stage vs. the minimum level lo-range valve 
second-stage indicates that the 45,000:1 span specified 
earlier is satisfied. 





Figure 6. Graphical representation of first stage reagent 
valve operation. Four valves deliver reagent to the waste 
stream in accordance with the dotted lines. Note over- 
lap of high and low limit valves. Second stage operates 
in same manner. 
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The exact manner in which these valves are matched 
is illustrated in Figure 6. Effective operation through 
zero is achieved with no sharp cutoff by a self-neutrali- 
zation of reagent bleeds which are provided by delib- 
erately holding the lo-range valves open at their lowest 
usable position. By means of limit switch circuits, the 
transfer between hi-valve and lo-valve operation is 
made. When the first-stage lo-range valve reaches 250 
gram-ions/m at point A or D, the valve is forced closed 
and, simultaneously, the hi-range valve is positioned 
to 250. Operation remains with that valve until a demand 
as low as 180 has arrived. Then at B or C the hi-range 
valve is forced closed and the lo-range valve takes over. 
The overlap avoids troublesome ambiguity which could 
lead to erratic behavior (see reference 14). 


The individual valve sizing is arranged as follows to 
meet the various system requirements: 


—First Stage— 
Acid Caustic 
Hi35 te 1.4 gpm 66 to 2.6 gpm 
Lo 1.8 to 0.07 gpm 3.3 to 0.13 gpm 
—Second Stage— 
Acid Caustic 
Hi 0.14 to 0.009 gpm 0.26 to 0.017 gpm 
Lo 0.012 to 0.0008 gpm 0.022 to 0.0014 gpm 


4. Building Computer Circuits 
to Simulate the System 


After completing the theoretical design, an electronic 
model was assembled (Figure 7). Today’s answer to the 
difficult design problem is the analog computer. It offers 
a practical and valuable means of implementing sys- 
tems engineering primarily because it deals with all re- 
lated characteristics in a common realm, namely, time 
and voltage, regardless of their nature in the actual 
system. The analog computer fundamentally represents 
an instrumentation of the calculus. As an instrument for 
systems simulation, however, it was described appro- 
priately by Frank Curl,1*7 “An Analog Computer is a 
Thing of Beauty and a Joy Forever.” Because the com- 
puter is a very flexible device, it permits the investi- 
gation of alternate arrangements, optimization for a 
particular performance, or operation into extended re- 
gions—a kind of dynamic extrapolation. 

Because this neutralization process involves cascaded 
operation, it lends itself to direct simulation of the type 
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Figure 7, (left). The fourth step in this procedure is to 
build computer circuits to simulate the process. Figure 
8, (above). Curve-follower transforms graphical pH varia- 
tions into computer input signal. Plot is according to 
nonlinear scale pH 2.1 to pH 11.9, on vertical bar. 


shown by Lloyd Lewis.18 This method concerns the 
designing of individual circuits in accordance with the 
input-to-output characteristics of each element of the 
system. The overall model is assembled by simply con- 
necting these various circuits together in the same man- 
ner as they are in the actual system. Another method 
illustrated by Roger Franks!® uses explicit differential 
equations and could also apply. 

If the model is to behave in the same fashion as the 
actual system, it must be constructed on valid interpre- 
tations of the basic mechanism. Here, we are faced with 
a large order because of the enormous range involved. 
A span of pH 1 to pH 13 encompasses a twelve decade 
range of ion concentration, or 1,000,000,000,000 to 1! 
Because the analog computer can serve over only three 
decades, something has to be done to reduce drastically 
the range of operation and yet meet the project re- 
quirements. Actually we are interested in maintaining a 
relative ion concentration about the condition of neu- 
trality. It is not necessary to keep account of the abso- 
lute ion concentration, but it is sufficient to deal in 
excess ions only. If we allow positive voltage to cover 
the region above neutrality (excess hydroxyl ions— 
alkalinity) and negative voltage to cover the region 
below neutrality (excess hydrogen ions—acidity), the 
computer can immediately span six decades, the range 
from pH 4 to pH 10. Actually, it will be shown later 
that, for the purpose of introducing influent pH data, a 
range of pH 2 to pH 12 was handled successfully. By 
building upon the concept of ionic balance, it appeared 
feasible to design an adequate circuit. 

The first feature to be instrumented is the conversion 
from pH to ion concentration. The photograph in Figure 
8 presents a view of the kind of pH upsets which the 
treatment system must handle. The curve represents 
two hours of operation (real time) and was plotted in 
accordance with the nonlinear scale seen on the carriage 
arm. The tracing is done in an ink containing finely 
divided silver. At the edges of the graph, electrical 
connection is made so that the curve conducts a 175 ke 
carrier current which is generated by the accessory 
unit visible at the top of the photo. Mounted on the 
arm is a dual-coil sensing head which, along with the 
Y-axis servo system, inductively tracks the curve. A 
following potentiometer is coupled to the system so 
that its wiper goes through the same motions as the 
sensing head. By this means the graphical waveform is 
translated to an identical electrical waveform which a 
computer circuit can accept. The conversion over the 
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Figure 9. Schematic diagram of commuter 
circuit used to simulate control loop dy- 
namics. 


extreme logarithmic slopes was made 
by combining partial nonlinear func- 
tions (setup on feedback and direct- 
ly tapped servo potentiometers). 
This technique is fully described in 
an earlier paper.?° 

At the top of Figure 9 is the cir- 
cuit which simulates an in-pipe type 
mixer. From the design we see that 
two sets of dynamics are at work, 
on influencing the other. One is the 
wave propagation of flow rate vari- 
ations, and the other is the molec- 
ular mass transfer of ion flux. 
Amplifier 17 sums the ion flux of 
the reagent and the process streams. 
The output passes to an integrator 
time-constant circuit which repre- 
sents the blending action of the 
mixer. Next, the signal is de- 
layed in time through the action of Integrator 12 and 
Summer 46 to yield a residual ion flux which passes 
on to the next stage. When the stream flow rate varies, 
the time-constant and the time delay values must also 
vary in direct proportion. This characteristic is accom- 
modated through the use of Servos 7, 8, and 10. In the 
lower portion of Figure 9 is shown the circuit, complete 
with all scale factors and pot settings, used to simulate 
the ion concentration measurement, a three-mode con- 
troller, and a valve. Notice that, in order to obtain the 
short time-constants required, 0.1 mfd capacitors are 
used in the feedback of all integrators. 

By far the most difficult aspect of analog program- 
ing is scaling the model. It cannot be stressed too 
greatly that the scaling operation must be done with 
extreme care and that the rules must be applied rig- 
orously. The analog computer does its best when work- 
ing within the range of +0.1 volt to 100 volts, but the 
specific parameters which characterize a system may 
vary widely. Applying suitable interpretation and ad- 
justments, which can transform the units of the system 
to the operating range of the computer, is the essence 
of scaling. The idea is to develop scale factors which fit 
the system characteristics and yet maintain favorable 
signal-to-noise ratio and dynamic 
fideiity within each circuit. 

The condensed schematic in Fig- 
ure 10 is labeled with the scale 
factors used in the analog model. 
Proceeding from Integrator 2 (at 
left center) to the output of the curve 
follower, we see that a scale factor 
of 1 x 104 ions/liter is needed if we 
are to maximize the signal-to-noise 
ratio. (Gram-ions/liter is the unit 
employed and intended. The “gram” 
has been dropped from the diagram 
for the sake of brevity.) Since the 
extremes of pH 2 and pH 12 corres- 
pond to ion concentrations of 1 x 10° 
ions/liter, the multiplying scale fac- 
tor of 1 x 104 yields 100 volts, which 
is the nominal extreme of the com- 
puter range. The next amplifier is 


Fiure 16. Condensed schematic shows 
process inter-action and method of scal- 
in the analog model. 
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fitted with a gain of 0.1 so that its output is at a level of 
1 x 103 ions/liter. This procedure allows an additional 
decade to be “dialed-in” from Pot 49 without overload- 
ing the amplifier. 

The stream flow rate at Integrator 3 (bottom left 
in Figure 10) is scaled at 2x10“ liters/min so that 
50,000 liters/min (~12,000 gal./min, the maximum flow 
rate) can be represented by 100 volts. When the ion con- 
centration is multiplied by the stream flow rate through 
Cup 3A to calculate the running ion flux, the scale fac- 
tor of 2 x 10°° ion/min results. Specifically, 1 x 10° ions/ 
liter times 2 x 10-8 liters/min + 100 (the servo feedback 
reference) equals 2 x 10° ions/min. 

The remaining scale factors are arrived at in a similar 
fashion. To translate significant values between the 
computer model and the system, the following equation 
can be used: 


Volts = system parameter value x scale factor. 
A few of the other major features to observe are: 

1. The scale of the reagent flux signal must be the same (but opposite 

polarity) as that of the stream. 

2. Because the residual ion flux leaving the first stage is at a level less 
than one volt, a gain of 100 is imposed at Blender B to improve the 
signal-to-noise ratio in the second stage control loop. 

+ The model operates sixty times faster than the actual system. 
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5. Testing the Analog Model 


The next step was to check the analog model we had 
built to simulate the process. This step was not to deter- 
mine control information, but to validate its simulation 
of elements in the process. For example, steady-state 
and dynamic tests were carried out to ascertain that 
the model conformed to known characteristics of the 
system, and that an acceptable degree of accuracy was 
being maintained. Various static tests were made on the 
neutralization model. In particular, the influent was set 
Figure TR, (above). The sixth step in this procedure is to at fixed pH values and steady flow rates, and then with 
experiment with the simulated analog model by exploring the controllers inactivated, the untreated pH level was 
<= conssaatte peeeibilites for © puter design. checked at the effluent with a digital voltmeter. 

The dynamics of our analog model were observed with 
a dual-channel oscilloscope. The time-constants of the 
various circuits were evaluated by comparing the input 
signal on the top channel with the output on the lower. 
As a preliminary to final design, the various controller 
actions were judged against the dynamic reduction of 
error signal. 

We found that a VTVM can be quite misleading for 
studying fast dynamics due to the ballistic damping of 
the meter movement. Since the frequency response of 
an oscilloscope is more than adequate for any com- 
puter problem, it was used extensively. It actually serves 
as a “window” for the internal activity of an electronic 
model. 

The computer is a pedantic instrument which demands 
that the engineer be very specific and exact in applying 
its powers. For example, it may be discovered that a re- 
lay doesn’t “throw” at zero volts as expected, because a 
bias voltage required to compensate the contact poten- 
tial of a diode in a previous circuit was ignored. The 
many situations that could be cited here constitute the 
experience of any computer specialist. 











C STREAM ION FLUX INTO FIRST STAGE 
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6. Experimentation with Analog 


Model for Final Design 


The object of this step was to find a practical control 
design which could regulate the neutralization with a 
minimum of blending capacity. Performance studies 
were conducted to evaluate the stability of the control 
loops within the required pH zone with various system 
parameters. 

TC LISGRRGnREnEnaa, BERR SgaBeoaeA Whether the system will behave correctly is princi- 
E RESIDUAL ION FLUX FROM FIRST STAGE ‘ pally the function of the dynamic properties of each 
(UNITS: GRAM-IONS PER MINUTE component. It is in this area where computer experi- 
mentation makes an important contribution to system 

design. 

The control loops are dominated by dead time arising 
fro transport delay to the point of measurement. Un- 
fortunately, it is not certain that the pH can be suc- 

| ‘i Tyr Cy tie cessfully monitored close to the mixing stage. A more 
gies ion PLUK Wink ee 1] favorable loop would result if some of the time constants 
(UN'TS GRAM: |ONS PER MINUTE) were increased, especially the one attributed to the 
mixing process. However, the experiments reported by 
Van de Vusse*! indicate that most practical mixers 
will exhibit a certain amount of dead time. Investiga- 
tions with the computer showed that the blending and 
stabilizing benefits of larger mixers were quickly out- 
distanced in effect by the added (though small) dead 
times. 

It is known?? that a pH glass electrode inherently has 
a fast response (time constant on the order of 30 msec): 
however, some coating of the glass surface is unavoid- 
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H OUTPUT \tumits: - Figure 12, (left). These eight oscillographic records were 
Shee cee run simultaneously to show behavior of the system at 
libel inten ies eight different strategic points in the process. The letter 
identifying each chart corresponds to the same letter 

shown in Figure 4, except B which is total stream flow. 
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Figure 13, (below). Bode diagrams of the process (valves, 
mixer, transport delay, pH measurement) response show 
a shift in both gain and frequency as waste stream flow 
increases. 
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Process Design Values at 6,000 gpm 
Gain 3.33 


Mixer time constant 0.025 min 
Transport delay 0.050 min 
Valve time constant 0.01 min 
pH measurement 0.02 min 





Controller Adjustments for Stability at 6,000 gpm 
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Gain : 0.385 


Unity crossover, 2 cpm 
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Derivative: Unity crossover, 10.4cpm (— 0.054 min.) 


Figure 14, (above). Bode diagram of the three mode con- 
troller used to control pH at both stages in the precess. 








able when the electrode is placed in service. A conserva- 
tive time constant has been allowed for a slower over- 
all measurement. The valve time constants have been 
made as small as can be practically obtained. 

Eventually we had to face the crucial question: after 
all the elaborate analysis and preparation, will the model 
work? Our best answer came from a study of the eight 
oscillograms in Figure 12, in conjunction with points sim- 
ilarily identified in Figure 4. These simultaneous dynam- 
ic responses tell not only whether the job is dene, but 
how. The stream ion flux at position C results from both 
the input pH and system flow rate (A and B). The first 
stage control loop drives the valves to yield a matching 
reagent ion flux at position D so that the residual after 
blender B (position F) is not more than 1/100th of the 
original. The second stage achieves a further reduction 
by at least a factor of 20, so that the five decade span 
at A has been confined to the decade of pH 8 to 9 at po- 
sition H (the effluent). It should be observed that the 
recordings have different scale calibrations. 

A more fundamental appreciation of the process dy- 
namics can be obtained from the frequency response 
data in Figure 13. These curves were measured on the 
model with the listed design values for each component 
“dialed in.” When the stream flow rate changes, the 
process characteristics shift. The gain differs by 2:1 at 
the flow extremes as expected, but intermediate values 
correspond nonlinearly because a division is involved 
in the conversion of ion flux to ion concentration. 

The curves in Figure 14 specify the controller dynam- 
ics. The action of this parallel-connected controller in- 
corporates both floating reset and floating derivative 
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characteristics. Even though the usual terminology does 
not apply directly, the equivalent standard settings are 
shown in parenthesis, Figure 14. When the reset and 
derivative slopes can be overlapped, a very rapid tran- 
sition from phase lag to phase lead will always appear. 
This controller behavior stabilizes the loop so that only 
very narrow margins are required. The result is that a 
faster reset can be used which improves control loop 
tracking. 

Having discussed the separate component dynamics, 
we can now turn our attention to the overall system per- 
formance. There are a number of reasons why this sys- 
tem design should be successful: 


1. The wide operating span has been accounted for 
arithmetically by sufficiently strong reagents 
and practical valve ranges. 


2. The computer model has exhibited consistently 
good response under many upset patterns. 


3. The natural frequency of the process (assessed 
from the 180 degrees phase points in Figure 13) 
lies between 5 and 8 cycles per minute. This 
speed of response seems adequate for input 
rates of 1 pH unit per minute, especially since 
some slope attenuation is afforded by the blend- 
ers. 


4. Even should the system performance prove in- 
sufficient in practice due to unforeseen differ- 
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ences between the model and the actual plant, 
the control can be improved by a factor of at 
least 4 through an added adaptive servo adjust- 
ment of the controller settings as a function of 
flow rate. The basis for this feature has been 
developed in an earlier paper.*4 


The optimism just expressed should not leave the 
impression that this system will be easy to implement. 
The control loops are critical in two respects. They need 
“quietness” and a lack of “stickiness.” By experiment, 
Dave Boyd?5 has shown that a loop containing deriv- 
ative action cannot tolerate excessive hysteresis. Also, 
the extra gain at high frequencies requires a good sig- 
nal-to-noise ratio. These demands determine the quality 
of instrumentation which must be employed. 


7. Building the Process and 
Evaluating its Performance 


The first six phases of the systems engineering effort 
have been covered. The seventh, devoted to system 
hardware and actual construction, is just beginning and 
will continue for several years. Preliminary dynamic 
measurements are to be initiated to assess, before plant 
start-up, the installation requirements for a reliable pH 
measurement under typical waste stream conditions. 
The applicability of logarithmic attenuators for con- 
verting pH signals to ion concentration over a three 
decade range will be made with the computer. Various 
switching schemes for actuating valves will receive 
early attention. 

It is most likely that electronic controllers will be 
used to generate the required actions with precision, 
and permit possible servo adjustment. Controlled 
volume pumps may be used to obtain positive reagent 
delivery regardless of pressure conditions in the mixers. 

A definite and thorough follow-up will be made to 
determine the worth of this design study. 

The extent to which both old and new ideas available 
in the literature can profitably be woven into a design 
has been shown. It is noteworthy that probable success 
of this system is due to the fact that the process para- 
meters were as extensively adjusted as those involving 
instrumentation. 

The fact that systems engineering coupled with mod- 
ern computer technology can provide a quantitative 
analysis of a difficult design problem has been amply 
demonstrated. Today “doing the impossible” simply 
takes a little time. 
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Here is a plan of action now being used by many large companies to 
evaluate, develop, and install closed-loop computer control systems 


on their major processes. This plan shows you how to overcome pres- 


ent limitations of process theory, process data, and instrumentation. 


How To Plan Computer Control 


by Dr. Montgomery Phister, Jr., 
(ISA Member) 
Director of Engineering 
The Thompson Ramo Wooldridge Products Company 
A Division of Thompson Ramo Wooldridge Inc. 


Los Angeles, California 


COMPUTER CONTROL of continuous or batch chemi- 
cal and petroleum processes promises substantial im- 
provement in operation by continuous processing at op- 
timum throughputs, yields, product qualities, and costs. 
This article introduces the reasons behind the move to 
on-line computer control, and presents a plan for 
developing and installing such a system. 


ON-LINE COMPUTER 


Figure 1 shows an on-line computer control system 
comprising a stored-program digital computer which 
takes information directly from the process and makes 
adjustments directly on the process.! Of course, no 
computer can do more than previously instructed to do 


VOLTAGE INPUTS 





(THERMOCOUPLES, __ 
ANALYTICAL 
INSTRUMENTS) 


PRESSURE 


Figure 1. This is ‘“‘on- oe: 


line’’ computer process 
control. Its inputs come 
directly from process 
measuring instruments 
and it closes the control 
loop by directly adjusting 
the set-points of conven- 
tional process controllers. 
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by a set of commands stored in its memory. In obeying 
these commands, it reads instrument data, solves equa- 
tions describing the process and, from these equations, 
improves process operation. 

In systems now being planned and installed, the com- 
puter exercises control by adjusting the set-points of 
conventional pneumatic controllers—advantageous be- 
cause the controllers compensate for very rapid changes 
or “noise” in process conditions, and because processes 
can be put under conventional automatic control when 
instruments or computer fail. 

The cost of such a contro] system varies from $200,000 
to $300,000, including instrument changes and engineer- 
ing. One might reason that all or part of such an in- 
vestment could be justified by the improved data col- 
lected with the computer and by possible elimination 
of manual calculation on process data. Even more ex- 
pensive conventional data loggers have been justified 
and installed on such grounds. However, an on-line 
computer control system does much more than produce 
volumes of data for later analysis and consideration; 
its principal justification must come from improved 
process operation. 

OFF-LINE COMPUTER 

It is sometimes argued that an on-line computer (Fig- 
ure 1) may have some slight advantage over an off-line 
computer (Figure 2), but, improvement in process op- 
eration is not worth the expense required to associate a 
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Figure 2. This is “‘off-line’’ computer process control, 
showing functional arrangement of independent opera- 
tions to produce “operating guides’’ for the human epera- 


tors. 


computer directly with the process. However, in many, 
if not most, processes, information transfer between 
computer and process would be difficult were not the 
computer directly connected. An expensive data logger 
might be necessary which does no more than digitize 
instrument information and punch it into paper tape for 
later reading into the computer. Were this not done, 
information would have to be periodically gathered from 
recording charts and operators’ logs, manually punched 
in tape or cards, and then entered into the computer. 
Time delays and possible errors make such a method 
unattractive. 

But the argument—on-line vs. off-line computers— 
really hinges on the frequency and variety of process 
“upsets,” caused by changes in such “external” or un- 
controllable variables as raw material characteristics and 
availability, ambient conditions, process equipment co- 
efficients and breakdowns, and market factors. Such 
changes alter the state of the process. Then, the best 
operating points for various process variables and there- 
fore the best set-point adjustments for various controllers, 
vary as often as these changes occur. Generally, only a 
few uncontrollable variables are important in any proc- 
ess. Often, however, these few change at least several 
times a day, and sometimes every hour or minute. These 
changes can be so large that, if the process is left in one 
state for a relatively long period (corresponding to the 
time since the last computation by an off-line computer), 
significant losses in operating profit can result. Con- 
versely, if the off-line computer were to try to print 
out a set of “operating guides” telling the operator what 
to do under a wide range of changes in uncontrollable 
variables, the resulting table usually would be too cum- 
bersome to be practical. So, an off-line computer gen- 
erally is unsatisfactory for complicated control problems. 


PLAN OF ACTION 


Many process companies have adopted the plan out- 
lined below for the orderly investigation of on-line 
computer control possibilities. In the last four years, 
sevefal companies have joined with ours in joint pro- 
gramis for this purpose. 

The plan involves four steps: Ist, preliminary sur- 
vey of plant operation and economics to choose the proc- 
ess most likely to benefit from computer control; 2nd, 
detailed study of the chosen process, to plan its control 
system; 3rd, engineering and installation of the com- 
puter control system; 4th, evaluation of the installed 
system to determine whether predicted benefits actually 
are being realized. 


First Step: Preliminary Survey 


The object of the preliminary survey is to choose a 
process likely to benefit from computer control. With 
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systems costing from $200,000 to $300,000, choice of 
processes is narrowed to those producing large amounts 
of relatively valuable products. A good rule of thumb: 
value added to the raw materials times the highest per- 
cent of expected improvement must equal at least half 
the cost of the system (to provide payout in two years 
or less). Important features of processes meeting this 
criterion are examined in detail below: 

1. Uncontrollable variables affecting process. What 
is frequency of change; effect on yield, throughput, 
cost, quality? 

2. Maximum theoretical and present yield and 
throughput. Would compensation for uncontrollable va- 
riables be worth enough to pay for computer control? 

3. Process adjustment. What controller set-points can 
be adjusted automatically? How much will it cost to 
make them so? Are there enough adjustments to permit 
control to react to external factors for “best” operation? 

4. Planning difficulties. Will available measuring de- 
vices provide accurate process data? What is known 
about the effect of changing conditions and about the 
theory of process operation? 

When several processes in a plant have been scruti- 
nized, at least one good prospect can be selected. After 
this preliminary survey, lasting from two weeks to a 
month, you can only roughly estimate possible economic 
benefits of computer control for these selected processes. 
Not until after the next step—a detailed application 
study lasting four to eight months—can the potential 
of a digital computer control system be estimated with 
reasonable precision. 


Second Step: Detailed Process Study and System Planning 


Next, the detailed application study must be carried 
out. This study, which our company makes available 
free to its customers, usually takes the full time of two 
to six engineers with backgrounds in the process con- 
cerned, instrumentation, control systems theory, and 
computers. In analyzing the process, the study team 
(including engineers from the customer’s operations) 
develops equations describing the process, investigates 
instrumentation required for computer control, examines 


Development of Process Equations. Computer control 
improves process operation only by solving a set of 
equations which describe the process and enable quanti- 
tative predictions of process reactions to varying con- 
ditions to be made. In our approach to equation deriva- 
tion, we look at the process from an economic viewpoint. 
The first equation written expresses the operating “prof- 
it” as a function of the manner of process operation. Its 
usual form: “profit” equals value of products minus cost 
of raw materials minus operating costs. Note that the 
only operating costs important to control are those which 
vary with process operation. Fixed costs—depreciation, 
insurance, etc.—do nvt affect process operation, so the 
“profit” this equation represents is not true profit in the 
usual meaning of the word. 

With this first equation derived, we next investigate 
limitations on process operation. Example: construction 
of a reactor may be such that it cannot be operated 
above 500 psi. A complete set of such constraints is very 
important, for it defines precisely what the control 
system can and cannot do. 

Finally, we derive equations relating product char- 
acteristics to all variables which effect them: these are 
the hardest equations to derive. 


Theoretical Approach. Derivation of these equations 
usually proceeds simultaneously along two lines. One 
is a theoretical approach requiring that process kinetics 
be described by a set of differential equations, and that 
these equations be solved for the particular configura- 
tion of equipment—equations often so complicated that 
they can’t be solved mathematically, but must be 
numerically integrated. 
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Unfortunately, the kinetic equations usually provide 
only an approximate knowledge of what is really going 
on in the process. Often, many side reactions occur, 
sometimes in minor components not supposed to be pres- 
ent or to enter into the reaction at all; these side 
reactions can very markedly affect the progress of the 
principal reaction. Or, so many components take part in 
the reactions that it is impossible to solve the very large 
number of equations involved. At best, the theoretical 
approach usually provides only a rough quantitative 
idea of the effect of raw material composition and flow 
rate on process operation. 


Statistical Approach. The other—‘“statistical”—approach, 
requires that suitable process operating data be collected 
and subjected to some kind of regression analysis. These 
data may be collected from pilot plant operation, from 
hourly log sheets if the process has operated for some 
time, or from published literature. Regression analysis, 
or “curvefitting,” involves choice of an arbitrary equa- 
tion and fitting it to the data as closely as possible. Here, 
success depends on the reliability and completeness of 
the data used. 

Unfortunately, typical process data is incomplete and 
imprecise, in that many important process parameters 
are hard to measure, and are only infrequently measur- 
ed. Sometimes, factors which actually have important 
effects on process operation, but which are not known 
to have any effect at all, are, therefore, not measured. 
Changes in these factors cause changes in process opera- 
tion which cannot be understood until this new variation 
is measured. Process data also is imprecise because of 
inaccuracy in measuring instruments or in methods 
used to transcribe data. 

Nevertheless, it usually is possible to derive suitable 
equations.2 te 10 Remember that the equations do not have 
to describe the process exactly; even approximate 
equations, used full-time to compensate for disturbances, 
will result in better control than is obtained through 
conventional automatic control, where an operator makes 
adjustments based on his limited, qualitative under- 
standing of process operation. 

The computer solution involves all the equations men- 

tioned here. The computer control system must measure 
the uncontrollable variables, must substitute them ‘nto 
the equations, and must solve for values of the controller 
set-points that will maximize process operation, yet sat- 
isfy all constraints. Of course, computation can be very 
simple or very complicated depending on the character 
of the equations. 
Instrumentation Requirements. Proper instrumentation 
is a major problem in planning any computer control 
system. As equations are developed, one learns which 
process variables are important and must be fed into 
the computer. Many such variables can be measured 
with sufficient accuracy and speed using currently- 
available instruments, or even already-connected in- 
struments. The really difficult measuring problem us- 
ually involves physical or chemical characteristics of 
materials. Here, we investigate on-stream analyzers like 
chromatographs, mass spectrometers, etc. 

In cases where direct measurement of some variables 
is impossible, investigate alternative means. Example: 
the dielectric constant of some refinery streams may 
give a good measure of octane number. As a last resort, 
try hourly, once-per-shift, or daily laboratory analyses, 
inserted via punched card or tape into the computer. 
Between such readings, the computer can use values 
extrapolated from the last few process measurements. 


Process Dynamics. A computer control system periodi- 
cally samples process data. Then, it computes what cor- 
rections should be made, and executes them by adjust- 
ing the set-po:nts of conventional controllers. The fre- 
quency of sampling and the manner of adjustment are 
specified by proper commands stored in the computer’s 
memory. Sample intervals might vary from two minutes 
to an hour; process adjustments can be sudden major 


January 1959, Vol. 6, No. 1 


changes to controller set-points, or very-slowly changing 
adjustments, as desired. 

The sample-data rate and the manner of adjustment 
by the computer depend on the dynamics of the proc- 
ess and its controlling instruments, and cannot be 
set without knowledge of these dynamics. Where a 
complicated process with material and/or energy feed- 
back tends to be unstable, a detailed process-dynamics 
analysis may be required in planning the control system. 
Here, it may be necessary to measure process dynamic 
characteristics, to extensively analyze these and other 
measurements, and even to simulate the process and 
proposed sample-data system on a computer. Remember, 
however, that exact knowledge, while desirable, is not 
necessary. An app.oximate representation of the re- 
sponse to sudden changes of the most important process 
parts may be enough. 

Preliminary Evaluation. When the equations have been 
derived, suitable instruments found, and process dy- 
namics considered, the proposed computer control system 
is fairly well defined, and its potential effect on process 
operation can be roughly evaluated. This evaluation 
usually is based on “typical” data describing process 
operation over a data period a week to a month long. 
Equations developed. in the study are tested by sub- 
stituting measurements taken during the typical data 
period into the equations, and computing the resulting 
yield, product qualities, etc. Results are compared to 
those actually obtained, and the effectiveness of the 
equations as representations of the process is evaluated. 

Next, the effectiveness and value of the equations 
used in control can be estimated. Here, the study team 
must substitute measurement from the typical data 
period into the equation, and then solve the equation to 
learn how the computer control system would have 
controlled the process. Then, the yield and qualities 
which would have resulted from computer control can 
be compared with what actually happened, and a dollar 
improvement per week, month, or year calculated. This 
estimate must be compared with estimates of the value 
of other, less expensive methods for improving process 
operation. If its payout is greater than other possibilities, 
and is sufficient to return the investment in the required 
time, the computer control system is justified. 


Third Step: Installation Engineering 


The installation engineering phase of our plan takes 
the framework established during the detailed study 
stage, and from it builds a working system. So, instal- 
lation engineers must complete computer functions 
specifications: 1. to insure proper fit of the process in- 
strumentation into the computer input-output system; 
2. to help work out the process operator’s functions; 
3. to write out and check out the computer program; 
and 4. to participate in installation and shakedown. 


Computer Functions. The most important function of the 
computer control system is, of course, control. However, 
several additional functions can be performed if desired, 
including all those possible with conventional data-log- 
ging or data processing systems: printing out data about 
the state of the process; checking for troubles or process 
and instrument failures; printing out instrument read- 
ings once per hour, or on operator demand; computing 
and printing out for future reference yield, conversion, 
efficiencies, catalyst activities, heat-exchanger coef- 
ficients or operating guides; printing out hourly or daily 
averages or totals; collecting and recording data on proc- 
ess operating costs; printing out results or punching 
them into cards for later accounting department use; 
checking that variables fall within prescribed limits; 
checking on its own operations, printing out warnings 
and actuating alarms when it finds trouble. 
Instrumentation Problems. The detailed study and final 
decisions on computer functions determine just what in- 
struments are to be connected to the computer. Each in- 
strument characteristic must be carefully examined: 
signal level, expected noise, and required accuracy. 
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Rem 3. The Thompeon Some Wooldridge RW-300 
Digital Control Comput bi typewriter, paper 
tape punch, and tape cae (left); data-logging type- 
writer (center). 





Of course, different instruments require different 
treatment. Thermocouple signals must be amplified, and 
60-cycle and other noise rejected. For wide-range 
temperature measirement, it may be necessary to fit a 
curve, such e .---bx+c, to the voltage-temperature 
characteristic. eid the computer may have to use this 
curve in interpreting the incoming values. Incoming 
pneumatic signals must be converted to electrical. Flow 
signals may require pressure, temperature, or density 
compensation: these compensations can be carried out 
by the computer. 


Analytical instruments introduce several special prob- 
lems. Mass spectrometers or infrared analyzers usually 
provide signals containing several quantities measured 
simultaneously; the presence of one component may 
effect the measurement taken on another. In sorting 
these interactions, it usually is necessary to solve a set 
of algebraic equations; the computer can solve these 
easily in the course of exercising control. X-ray spectro- 
meters or gas chromatographs provide periodic rather 
than continous signals. Pere, the computer can provide 
a signal initiating an analysis, and the instrument may 
signal back to the computer when the analysis is 
complete, or when it is time for the computer to sample 
the instrument output. 

Often, analytical instrument calibration is a problem 
because these instruments tend to drift slowly with 
time. This drift can be compensated by instructing the 
computer to periodically introduce a sample of known 
composition into the analyzer, and then to correct the 
coefficient used in interpreting data from that in- 
strument. 

After examining all details of this kind, the character 
and complexity of the computer’s analog and digital 
input-output systems can be determined exactly, and the 
computer system assembled. For the Thompson Remo 
Wooldridge RW-300 Digital Control Computer (Figure 
3), any such input-output system can be built of stand- 
ard, plug-in circuits merely by connecting them in dif- 
ferent configurations. Thus, although each input-output 
system is different from any other, they all are similar 
in their use of common, standard components. 


Operating Procedures. It is important for several reasons 
that one or more process operators always be available 
to supervise the computer control system. So, a set of 
carefully-defined procedures must be set up, during the 
installation engineering phase, describing the functions 
and responsibilities of the operators, and explaining 
how they are to comumnicate with the control system. 
The operators involved should help to draw up these 
procedures, and become familiar with them. 


The most common operator intervention is when the 
operator or process engineer changes the control system. 
Examples: changes in the number and character of 
quantities logged, changes in alarm or scanning limits, 
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changes in instrument coefficients. Also, major changes 
may come about as a result of further analysis of the 
process, or changes in market conditions, or of changes 
in the process itself, requiring major modification of 
the control equation solved by the computer. You must 
provide means for easily introducing these changes—at 
least minor ones—into the computer, preferably by use 
of standard prepunched cards or tape. 


Also, it is extremely important to plan for computer 
and operator action during emergency conditions. In- 
stallation engineers must investigate potential instru- 
ment failures and evaluate their effects on the control 
system. They must survey all potential process in- 
stabilities and danger signals enunciated by the com- 
puter, and arrange that appropriate action be taken 
They must consider the effect of various computer 
failures, and arrange that, whether a complete failure 
occurs (as when the computer power supply fails) or 
whether some small, hard-to-detect fault appears (as 
when a single control-system resistor fails), no haz- 
ardous conditions can possibly result. The computer 
must be provided with auxiliary devices which auto- 
matically turn it off under specified abnormal condi- 
tions, and which hold its controller set-points at their 
current settings when the computer is suddenly dis- 
connected, so that the least possible process upset 
occurs. Here, the operator must take over control of 
the process. Since this may happen infrequently—every 
couple of months or so—operators must be kept in 
training for the job of conventional automatic control. 

Special rules and procedures should be specified for 
startup and shutdown of the process. The computer can 
take part in these operations, either directly by carrying 
out some routine procedures, or indirectly by printing 
out pertinent data for operator use during startup and 
shutdown. When these computer, controller, and opera- 
tor functions together are worked out in detail, they 
enable much smoother, quicker startup and shutdown 
than possible with conventional automatic control. 


Computer Programing. When all computer functions are 
carefully defined, instrumentation is decided on, and 
computer-operator procedures are established, it is 
possible to write the set of commands to be stored in 
the computer’s memory. 

In planning the program, installation engineers must 
work closely with computer programers and mathe- 
matical analysts. All computational steps must be care- 
fully reviewed and defined (with special attention paid 
to scaling the data so that all numbers lie in a range 
the computer can handle), and broken down into in- 
dependent and relatively simple operations that can be 
planned and tried one at a time. 

Some problems in programing a computer for process 
control are new and challenging. One difference be- 
tween process control and scientific, engineering, or 
business applications, is that the computer’s principal 
function is to operate the process 24 hours a day, 7 days 
a week. Such continuing operation on a single set of 
calculations means that computer functions change 
slowly. So there need be little emphasis on programing 
for rapid and frequent insertion of new programs into 
the computer. A second difference is that the computer, 
which basically does one thing at a time, very rapidly, 
is here required to do a great many things in varied 
sequences depending on the process, on the time of day, 
and on the operator’s needs. To schedule these functions 
properly, programers must provide the computer with 
an executive routine which enables it to choose its 
own sequence of operations. 

When all parts of the program are written and 
checked out individually, they must be checked out 
together. This must be done in a manner that simulates 
typical process conditions. Such check-out must occur 
before the system is delivered, for there usually will 
be enough unexpected difficulties during installation 
without complicating them with an unchecked program. 
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without complicating them with an unchecked program. 
Installation. The installation engineers must plan the 
control system installation and start-up very carefully, 
anticipating all difficulties which might occur. During 
the first weeks, the process instruments will be con- 
nected to the computer inputs, and a special computer 
program used to check out these connections and log 
specified instrument readings. Thus, incorrect instru- 
ment or computer wiring and any special electrical prob- 
lems will be caught and corrected. Then, a modified con- 
trol program will be used to perform exactly the func- 
tions the computer control system is to do, except that it 
prints out operating guides rather than making adjust- 
ments directly on the process. This mode of operation 
may continue for days or weeks while the operators 
examine the guides and make adjustments needed. Also, 
special emergency conditions can be simulated by ma- 
nipulating computer inputs, and response to these condi- 
tions checked for correspondence with those planned. 
When the operators and engineers are confident that 
the computer is operating correctly and reliably, the 
computer outputs will be connected to the controllers. 
These connections are made one at a time, enabling 
operators to observe the results and be sure that every- 
thing is going smoothly. This whole procedure must be 
carefully planned, for you can expect unusual circum- 
stances and conditions that have not been anticipated. 


Fourth Step: Operational Evaluation 

When the computer is in closed-loop operation, evalu- 
ation and revision should’ begin. Collect and analyze 
data about process operation to learn whether actual 
benefits are more or less than predicted during planning. 
Such benefits may be hard to measure because the im- 
provements are small, percentage-wise, and because it 
is difficut to compare the results obtained with the new 
control system, to those which would have occurred 
without it. But, various periods during the first year 
under the new controls may be precisely comparable 
to similar periods during previous years. In any case, 
the advantages of consistent operation shift by shift, 
week in and week out, should be apparent. 

During evaluation, you should continually try to im- 
prove computer control and keep it up to date as 
changes are made in the process and instrumentation. 
Computer functions should be periodically reviewed, 
and new functions substituted as new ideas are generat- 
ed. Control equations should be studied and improved 
as you get information on process operation. Such efforts 
require attention from one completely familiar with 
the control computer program: only such a person 
successfully can make the necessary changes. 


FUTURE OF COMPUTER CONTROL 

If computer control lives up to its promise, many proc- 
ess industries will seek to apply it. It seems that, in 
ten years or so, a modern refinery or chemical plant will 
contain a computer connected to every process unit. 
Some of these computers may be larger, and more pow- 
erful than those available now; others may be smaller 
and less flexible, depending on the complexity of the 
process concerned. Supplying data to this group of on- 
line computers may be a “super-computer” which han- 
dles “strategy” rather than “tactics” of the plant. It will 
determine objectives of each of the process units, using 
as input-data information on cost and quality of raw 
materials, product values, inventories, orders, and an- 
ticipated market demands, and communicating operating 
data to the various subsidiary process-control computers. 

Operators will still be necessary, and will play an 
important part in plant operation. Probably the control 
computers for several process units will be located in a 
common control room and their functions monitored by 
a team of operators constantly on the lookout for 
trouble, and ever ready to take over control from one 
or more of the processes. Such operators will have to 
be familiar with computer control system functions, and 
will have to be regularly drilled in assuming control of 
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the process when the computer is disconnected. Such 
operators need not be either computer maintenance men 
or computer programers. But any computer knowledge 
they possess will be of value to them and their company. 

Process engineers will continue to analyze processes 
to improve their operation, study process economics, 
and plan plant changes and expansions. Changes in the 
process will require corresponding changes in the pro- 
gram for the computer which operates it. Thus, control 
systems will always be up to date and reflect the latest 
information about the processes they control. Also, when 
a computer control program has been set up, the process 
engineer will know he can return even several months 
later to find the process operating exactly as he had 
planned. The computer control system may have modi- 
fied some numerical coefficients of the equations to keep 
them up to date in the face of slight changes in the 
process. But the computer will not have discarded hard- 
won knowledge for superficial reasons. 

The plan of action outlined in this article for the 
development and installation of a computer control 
system involves a number of complicated and difficult 
steps. But, we believe, the potential benefits awaiting 
those who solve these problems will repay their efforts 
many times over. 
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Saves $Millions. From inacces- 
sible Idaho and California moun- 
tains, hydrologic stations like 
this telemeter water content of 
snow back to civilization to aid 
agricultural, flood, irrigation, 
and public-utility engineers. Ra- 
diation transmitted from radio- 
active cobalt at ground up 
through snow layer to scintilla- 


YY tion counter on tower is pro- 

Yj portional to water content. Ac- 

WY curate data can save millions of 

Yj dollars in design and construc- 

/ j tion of hydraulic projects. De- 

Y Uf veloped by Sierra Electronic for 


the US Army Signal Corps. 


RADIOACTIVE MATERIAL 








Choose Your Career program for gifted stu- 
dents is being sponsored by the Northern 
California Section of ISA with cooperation 
of local industries and schools. Students are 
provided ‘‘a day in the career of your choice”’ 
to help them better understand professions 
in science and engineering. Here Berkeley 
Hi students Virginia Borson and Charles 
Meyer listen as Shell engineer Andy Bremer 
explains a pneumatic analog (See pg. 459 
ISA] 10/57) in Shell Development research 
labs. Shell is giving a day per month to two 
WJ students for the next three months. 
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M&& Thick or Thin—coatings on pressure-sensi- 
tive tapes, and like rubber products, are ac- 
curately controlled at Johns-Manville’s new 
Dutch Brand plant, Chicago. New facilities 
include latest mixing, coating and slitting 


equipment, all automatically controlled. 
Shown is the thickness control panel, built 
by the Frank Egan Company, permitting ac- 
curate coatings down to 0.0003 inch thick at 
speeds to 40 feet per minute. 
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Countdown tensions show on the 
faces of these instrumentmen as all 
eyes are locked on closed-circuit TV 
screens showing the missile pad a 
few seconds before liftoff of the 
latest Atlas ICBM. Atlas achieved 
a triumph of control in being the 
first satellite actually ground-steer- 
ed into its desired orbit. And this 
was, in turn, a triumph for the in- 
struments and instrumentmen 
shown in this Air Force Cape Ca- 
naveral blockhouse. Use of many 
Emcor Modular Enclosures saved 
space and engineering time on this 
critical project. 


No Other Way—can reveal complex interior 
structure of crystals so clearly as does this 
Nuclear Magnetic Resonance Acoustic Ab- 
sorption Apparatus, developed by Westing- 
house scientists Drs. Meir Menes (rear) and 
D. |. Bolef. In small metal box between poles 
of this huge electromagnet, atoms of a crystal 
are vibrated up to 20 million cycles per 
second! Results to date indicate NMRAA is 
a major rew tool for “‘looking’’ inside the 
atom. 





rN Eleven Phases—of soap solution preparation 
are automatically controlled, using but a 
single mixing tank, by this Baldwin-Lima- 
Hamilton Batch Controller at the Borger, 
Texas, copolymer plant of Philips Chemical. 
Addition of ingredients and mixing times are 
regulated by the B-L-H batch controller (low- 
er left). Time and amount of each phase is 
manually set on panels (right). And ingred- 
ient weights and phase timing is permanently 
recorded on wide strip chart (upper left). Re- 
sult: consistent weighing accuracy of +0.1% 
and 10% time saving. 
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Flow is a predominant variable encountered in process control. It is in- 
herently fast and benefits from the elimination of transmission lags. This 


article discusses a process flow control system, the lags encountered, their 
effects on load recovery, and the benefits which an electronic controller pro- 
vides by elimination of reset windup when rapid upsets are encountered. 


Electronic Flow Control 


by J. G. Ziegler, Pacific Coast Regional Engineer 
and N. B. Nichols (ISA Member) 
Vice President and Chief Engineer 
Taylor Instrument Companies 


Rochester, New York 


ONE OF THE LEAST REWARDING areas of investi- 
gation in the field of automatic control is that of flow 
regulation. It is relatively easy controlwise, but so full 
of non-linearities and end effects that rational analysis 
is next to impossible. In the typical case where liquid 
discharged from a centrifugal pump is throttled by a 
control valve under the dictates of a controller measur- 
ing the pressure drop over an orifice in the pipe line, 
the control circuit (loop) is one with a small effective 
time lag, and consequently exhibits a low period of 
oscillation, usually a few seconds at most. Recovery 
following a load charge occurs so rapidly that the 
momentary deviations from the set flow rate are easily 
absorbed by the apparatus affected by the flow be it 
reactor, column or whatever. 

The load changes which can require corrective action 
in flow control are few. The most common is a change 
in pressure drop available over the control valve caused 
either by variation in the pump supply pressure or in 
the back pressure downstream of the control valve. 
Another load change might be gradual accumulation of 
scale or solids on the inner valve, requiring slow cor- 
rective action from the controller. Such slow load 
changes cause minimum deviation from the control 
point. An extreme case could be the regulation of a 
slurry flow which could build up in the valve rapidly, 
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requiring opening of the valve until the partial plug 
breaks free, and then closing of the valve to return to 
the desired flow. 

But in the general case, flow control is a relatively 
simple application and would be rated low in the scale 
of those requiring much attention. Ziegler and Nichols? 
have proposed as a criterion of control difficulty the 
area under a recovery curve from the largest normal load 
change, AF/(S) (RR); where AF is the load change, 
S the controller sensitivity in consistent units and RR, 
the reset rate. A typical flow control working in a 
proportional sensitivity of 3% of controller output per 
% of pen travel (gain of 3), a load change of 10% of 
valve lift and a reset rate of 30 repeats per minute, 
which would be correct for a 2 second period of oscilla- 
tion, would have an area of only 0.11% minutes under 
the recovery curve following the load change. Com- 
pared with a similar figure of 3.75% minutes for a 
typical heater where liquid is heated by steam or 150% 
minutes for an average fired liquid heater, it can be 
seen that flow control is indeed a control process 
which justifies minimum investigation. 

But over the years, more investigators have been 
puzzled by their work on flow control than on most 
other variables. Controller settings which appear ideal 
under one set of conditions can produce instability un- 
der an almost identical situation. Each instrument man 
develops his own method for setting responses on a flow 
controller from his own experience. Careful analytical 
work using frequency response techniques can predict 
controller settings which are absurdly high in practice 
and leave the technician open to ridicule from the 
practical instrument man. 


Evaluating Flow Control Qualitatively 


There are perfectly good reasons for the inconsistent 
behavior exhibited by flow control, but they lie in the 
neglected realms of automatic control phenomena, dis- 
continuities, non-linearities and end effects. Exact 
quantitative methods are difficult or impossible to use 
in evaluating these esoteric effects, but it is possible to 
explain them by using qualitative methods. 

The Ziegler-Nichols approximation is such a meth- 
od.'.= It states that, if a process at equilibrium is 
suddenly subjected to a unit step change in controller 
output, the reaction curve produced by the pen can be 
analyzed by drawing a tangent to the point of maximum 
slope and noting the effective time lag L and the inter- 
cept RL (Figure 1). It only says that, to the first approxi- 
mation, a complex process is little different than one 
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with a dead period lag equal to L and a constant rate 
of change R. It is a remarkably good approximation 
for most industrial processes and only becomes inexact 
on exceptionally simple systems. It does show the trend 
even on these exceptional processes. 

If a reaction curve is run on a process by making a 
10% change in controller output (AF), and the approxi- 
mation shows a lag of, say, 1 minute and a reaction rate 
of 5% of chart range per minute, the RL intercept is 
5% of chart range. The method states that if propor- 
tional response of the controller is set so that a pen 
movement of RL produces an output equal to the 
original step change, stable control with an amplitude 
ratio below 25% will result. In this example, the con- 
troller should be set so that 10% change in valve posi- 
tion results from a 5% pen movement on the chart or a 
gain of 2.0. Furthermore, with proportional response 
the control will recover from a disturbance with a 
period of oscillation of about 5L which would be 5 
minutes in the example. 


Non-Linearities 


Much has been written about one of the non-line- 
arities present in flow control and that is the change in 
stability at various load conditions. Consider a typical 
flow process such as shown in Figure 2 and assume a 
1 psi pressure drop over the linear control valve. If a 
10% change in controller output were made, the result- 
ing reaction curve might show an RL intercept of 2% 
on the chart. The control would be stable at a controller 
sensitivity of 10% valve travel per 2% pen travel or a 
gain of 5. 

If the pressure drop over the control valve increased 
from 1 psi to 4 psi, the valve would carry the same flow 
with half the opening. But a reaction curve run with 
the same 10% change in valve position would make 
twice the previous pen movement and the controller 
gain would have to be reduced to 2.5 to obtain the 
same stability as before. Since the most common load 
changes in flow control are the pressure drop varia- 
tions, awareness of this non-linearity led to the develop- 
ment of characterized valves to linearize the process. 

Another very apparent non-linearity associated with 
flow control is caused by the orifice measurement itself 
since the differential pressure varies as the square of 
the flow. A given lift of a linear valve at high flow 
rate produces more pen movement than at low flow. 
For example, a 10 gpm flow change from 80 to 90 gpm 
would give over three times as much pen movement as 
an equal change from 20 to 30 gpm. A controller ad- 
justed to optimum settings at high flow rate would be 
far too stable at the lower set point. The normal char- 
acterized valves used to linearize for available valve 
pressure drop, actually increase the non-linearity from 
set points changes since these valves open more slowly 
with lift at low openings.* 

A flow controller working near its set point is a 
reasonably linear control circuit provided that the load 
variations are small and valve excursions are minor. A 
system such as Figure 3 can be considered as a two capa- 
city process with a measurement lag and a valve lag each 
having a time constant. Other tiny lags in the circuit 
may be neglected in the interest of clarity. 


Measurement Lags 


Measurement lag may vary widely. Any differential 
pressure measuring device has some volumetric dis- 
placement, even though it may be quite small in the 
case of some force balance units. There is also always 
some resistance to flow in the orifice taps and connect- 
ing lines. Assume a flow transmitter with a range of 
20” H:O and a full scale displacement of 2 cubic inches. 
The capacitance (C) is 0.1 cubic inches per inch of 
water change in pressure. If the total tap and piping 
resistance is such that a pressure differential of 1” H.O 
would give a flow of .5 cubic inches of the liquid per 
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Figure 4. Schematic of Taylor electro-pneumatic valve 
positioner. 


second, the piping conductance (Y) is 0.5 cubic inches 
per second per inch of water pressure. The measure- 
ment time constant is then C/Y or 0.2 second. 

Often it is desirable to increase the measurement lag 
because of an annoying condition in liquid flow processes 
known as “noise”. Random changes in the flow pattern 
through piping and fittings cause small erratic varia- 
tions in flow rate which are picked up by the flow 
transmitter and displayed on the chart record. In reality 
the noise is simply a series of small load changes occur- 
ring at intervals less than the period of oscillation of 
the control system so that the controller is unable to 
correct one before another follows it. In order to ob- 
tain a more legible record, the measurement time is 
generally increased to 1 second or so by throttling the 
orifice taps or the flow transmitter itself, if means are 
provided. 

Electrical transmission lags are negligible. Even 
pneumatic transmission over fairly short lines can often 
be neglected in a flow control circuit, but valve lags 
are appreciable. A typical diaphragm valve might have 
a top area of 80 square inches and a stroke of 2 inches. 
The displacement is 160 cubic inches, but it requires 
about 320 cubic inches of free air to inflate it since at 
full stroke the pressure is 15 psi or about two atmos- 
pheres. A typical electrical input positioner (Figure 4) 
has an average air handling capacity of about 3 cfm 
through its leakless air relay valve. In order to make 
a positioner stable on a variety of diaphragm valves its 
conductance cannot be infinitely high; that is, the relay 
cannot open to maximum capacity for tiny errors in 
contro] valve position. Usually a displacement of 
around 10% of full stroke is sufficient to cap the nozzle 
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Figure 5. Proportional control of a two time-constant 
system. 


and thus open the relay valve wide and, as the control 
valve inflates, the relay closes to a neutral position. In 
this 10% range the rate of valve movement is propor- 
tional to the error and so the control valve comes to 
equilibrium exponentially. It is possible to compute the 
time constant of this valve and positioner. The valve 
motor capacity is 30 cubic inches of free air per 10% 
displacement. The relay conductance is 3 cfm per 10% 
displacement or 90 cubic inches per second per 10% 
displacement. The time constant is C/Y or about 0.3 
second. 


Control Stability 


With a minimum measuring lag of 0.2 seconds and a 
valve lag of 0.3 seconds, a flow process would have a 
period of oscillation near the control point of 0.33 
seconds. Increasing the measurement lag by damping 
would first decrease control stability, requiring lower 
control gain. Further damping would reverse the con- 
dition and allow the use of higher gain. This seeming 
paradox is easily explained. In a two capacity process 
the lowest proportional response gain is required when 
the two time constants are equal. Increasing or de- 
creasing either one allows higher gain settings. Figure 
5 shows how the gain varies with the relative value of 


two time constants. Two equal time constants would 
give a zero frequency loop gain of SM = 20.5. If one of 
the time constants were reduced to 10% of the other, the 
loop gain would increase to 64. If, instead, one were 
increased to 10 times its initial value, the loop gain 
would also be 64. If one is unaware that controller gain 
can go through a minimum with increased damping, it 
can be confusing to say the least. 

Although stability is increased as one time constant 
is made larger than the other, the period of oscillation, P, 
increases and control results become poorer. This is 
shown on Figure 5 where S is the proportional sensi- 
tivity, M the process sensitivity, in consistent units so 
that SM is dimensionless, T: and T. are the time con- 
stants. With further increase in one time constant the 
loop gain increases faster than the period of oscillation 
and the process recovery improves. Since area under 
a recovery curve following a load change varies directly 
as the period and inversely as proportional sensitivity, 
the third curve of Figure 5 shows that the poorest over- 
all recovery occurs when the second time constant is 
made twice as large as the first. 

It should be self evident that the very best control 
would be obtained if both time constants were made 
as small as possible. Loop gain can be increased by 
damping either the measurement or the valve, but 
the results as far as the actual flow are concerned be- 
come poorer. Excessive damping of the measurement 
may improve the recorded value, but not the actual flow 
even though loop gain increases. Excessive damping of 
the valve is even worse because a load change can be 
corrected only as quickly as the valve can be moved to 
the new required position. 

Practical considerations finally limit the minimum 
value of either measurement or valve lag. Measurement 
should be damped only enough to produce an acceptable 
record or under extreme noise to protect the transmitter 
from physical damage as in the case of pulsating flow. 
Once the measurement damping is established, the valve 
should be as fast as possible within the limits of the 
power available. But this again is limited by the possi- 
bility of equipment damage by “water hammer” if the 
valve can close at too great a rate. 

It is possible in most flow control systems to damp 
either the differential pressure transmitting device or 
only the flow record, leaving the flow control signal 
undamped. If damping is required only to produce a 
readable record, the second possibility is better from 
a standpoint of theoretically optimum control results. 
Practically the damping might just as well be done at 
the differential transmitter because, after all, flow con- 
trol is essentially an easy problem. A typical flow 
transmitter is shown in Figure 6. This unit has a dis- 
placement of 0.035 cu in. for a 100 in. H.O differential 
span and adjustable damping giving time constants from 
0.2 sec to 4.0 sec. 








Figure 6. 
Taylor 
electrical 
differential 
pressure 
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Figure 8. Valve positioner response. 


Large Upsets Drive System Non-Linear 

Although flow control can be reasonably consistent in 
its behavior around one control point if loads do not 
change widely, it often changes its characteristics en- 
tirely when large upsets occur. A flow control system 
may be stable for hours or days and suddenly become 
completely unstable and require instrument readjust- 
ment or manual manipulation to quiet it again. No 
wonder the instrument man is never sure that he has 
arrived at optimum controller settings on a flow appli- 
cation or that operators go to manual control when a 
process is upset. Flow control is typical of a group of 
systems which have been whimsically classified as “proc- 
esses which are more stable when they are stable than 
when they are unstable.” This unsystematic behavior 
is caused by an “end effect” and can be explained quali- 
tatively at least by use of the Ziegler-Nichols approxi- 
mation, extended to non-linear systems. 

In a linear process the controller gain is independent 
of deviation within the control band. On such a process, 
a reaction curve produced by a 10% change in con- 
troller output might show an RL intercept of 1% of 
chart calling for a gain of 10. A 20% change in input 
would give a 2% intercept; 30% would give 3%, etc., 
still calling for a gain of 10, Figure 7. Regardless of the 
disturbance imposed upon such a process it settles back 
to the stability with a constant amplitude ratio. 


Controller Gain Adjustment in the Non-Linear System 


Consider a flow control at constant load and neglect 
the chart non-linearity. Assume that the positioner has 
high conductance, but the diaphragm motor has a large 
capacitance so that when a change in valve position is 
called for, the positioner relay opens wide and the valve 
moves at a constant rate to the new position and stops. 
An actual positioner would follow the dotted line of 
Figure 8, but neglect this small effect. Actually some 
positioners have an adjustment so that the detecting 
gain may be raised to the limit of stability for various 
valve tops and strokes. 

Outside the narrow detecting zone, the response of 
the valve is no longer an exponential, but is a ramp 
with the same maximum slope for any input. If to this 
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Figure 10. Effect of load changes on stability. 


ramp the measurement lag is added to complete the 
flow control circuit, an S shaped reaction curve is pro- 
duced which has an RL intercept which is no longer 
proportional to the change in input. Figure 9 shows this. 

If the controller gain were based on a 10% input 
change and set at the indicated value of 10, the control 
would be more oscillatory and might be unstable if the 
output were swinging 30%, because the reaction curve 
indicates a required gain of 3% , or 4.5. Similarly 
for valve excursions smaller than 10%, the control would 
be excessively stable at a gain of 10. Small wonder 
that responses set by watching minor disturbances may 
give complete instability when large upsets occur or 
during start-up. 

Note also that the lag intercept, L in Figure 9, in- 
creases as larger inputs are applied. This indicates that 
the period of oscillation increases with amplitude of 
valve motion. 

If still larger changes of input are applied, the RL in- 
tercept increases more slowly and the lag intercept ap- 
proaches the measurement lag indicating that, if the 
valve travel time is long compared to the measurement 
lag, greater stability will result. The reaction curve ap- 
proximation indicates that the least stable condition 
occurs when the valve is moving an amount requiring 
a time of about 1.5T,, where T, is the measurement 
time constant. 

If controller gain were set to just give stability at the 
worst condition, a large disturbance would settle out 
about as shown in Figure 10. A small load change 
shown on Figure 10 would indicate excessive stability; 
a larger one would indicate a need for even lower con- 
troller gain. 

Increased stability may be obtained in a flow con- 
trol by reducing the maximum rate of valve movement, 
but, as noted earlier, this is a step in the wrong direction 
since actual control results suffer from the slow return 
to the control point following a load change. 


Reset Windup Effects 


Start-up of flow control or recovery after the valve 
capacity has been exceeded is seldom a problem, due 
to the normally short period of oscillation. Conven- 
tional two response controllers (proportional plus auto- 
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Figure 11. Taylor proportional plus reset electronic con- 
troller. 


matic reset) require an overpeak since the reset “winds 
up” to its limit when the flow is out of the valve range. 

Derivative response can reduce or eliminate over- 
peaking provided that derivative response is ahead of 
reset as in some controllers. Since flow control ap- 
proaches a two capacity circuit, addition of derivative 
response can improve control results a great deal, but 
often is not justified. 


Electronic Controller 


The two response electronic controller shown schema- 
tically in Figure 11 eliminates the reset windup and the 
consequent overpeaking which may occur whenever the 
controller input or the deviation leaves the proportional 
band of a conventional controller with proportional plus 
reset. 

The controller consists of five sections. (1) The reset 
section consisting of C: and R: with R, adjusting the 
reset rate. (2) The proportional response section con- 
sisting of the feedback resistor Rr through which flows 
the controller output current I, and the gain adjusting 
capacitors bC. and (1-b)C:, where the gain adjusting 
switch alters the value of b, keeping the sum of 
bC. + (1-b)C. = Cs. (3) The high gain d-c amplifier 
having a voltage gain of approximately —1500 and ar- 
ranged to go through its linear output range while its 
input remains near zero volts (+22mv for 1-5 ma 
through a load of 10,000 ohms and Rr = 6000 ohms). 
The amplifier also has a very high input impedance 
drawing an input current of less than 0.001 micro- 


amperes in its normal range of operation. (4) The 
diode limiter section consisting of two diodes having 
very small back current leakage (less than 0.001 micro- 
amperes) and four biasing resistors connected to a 
negative power supply. The resistors in the upper or 
Max. diode circuit are arranged to produce a 30 volt 
bias across the resistor between the feedback voltage 
E; and the diode. The resistors in the lower or Min. 
diode circuit are arranged to produce a 6 volt bias 
across its corresponding resistor. (5) Suitable power 
supplies for the amplifier and the diode limiter bias. 
These are not shown on the schematic. 

There are, of course, several other components in a 
complete controller such as a setpoint adjusting section, 
an automatic to manual section, provision for a rate 
response and provision for recording, etc., but these 
have been left out of the present discussion in order to 
simplify the discussion of the two response controller. 


Controller Responses 


For the moment assume that E,, the deviation voltage, 
is zero and that the controller output is steady some- 
where within the controller output range of +1 to +5 
ma. The feedback voltage E; is then somewhere within 
its corresponding range of +6 to +30 volts. Both diodes 
are thus operating in their high resistance region and 
zero current is flowing through R: since the amplifier 
input is at or very near zero. 

If we increase E; by +1 volt, a current will flow from 
the input into C, and start to make the amplifier input, 
Ex, positive. Remembering that the amplifier gain is 
very high, its output will promptly decrease and will in 
fact decrease by an amount such that the change in 
charge on bCo, produced by E;, will equal the charge 
placed on C; by E:. This is seen to result in the equation 


—C: A E. = bC2 A Er = bC-R: A Io 


C, 
RrAl. = A Ei 


The increase in E, will of course also pass a current 
through resistor R, and again the high gain amplifier 
will cause E; or I. to decrease at a rate such that the 
current through R; is equal to the current through bCe. 


AE, dE; dl. 





R, 
gio _ Ey Ga FE 
Re-Gt = — RibC,. — — bC, RG, 


Thus the rate of change of output is such that the 
initial or proportional response is repeated 1/R,C, times 
per unit of time, or is repeated once in the time R:C.. 
We thus see that we have a proportional plus reset con- 
troller with 
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Figure 13. Typical start-up with new controller (propor- 
tional plus reset). 


ee. 8 
Gain = bC. 


1 
Reset Rate = RG, 


Values of C., C2, b, R: are of course selected to give gain 
and reset rate values required for the usual processes. 
They are both adjustable in steps with each changing 
by a factor of about 1.4 (or 0.7) per step. 

The transfer function of this controller is thus seen 
to be 


LR CG 1 
E, = vc.'+RGp? 


The (1-b)C. capacitor deck is used to maintain the volt- 
age Er; on its capacitors so that they may be switched 
into the gain determining position (bC.). This arrange- 
ment also gives an additional bonus in that the gain 
may be changed at any time even when the deviation 
is not zero and will result in no proportional change in 
the controller output. This feature greatly simplifies 
the adjustment on the job, as illustrated in Figure 12, 
in that one can observe the effect of a gain adjustment 
on stability without disturbing the system. In a con- 
ventional controller one would have to synchronize the 
gain adjustment with the passage of the deviation 
through zero or wait until the process had lined out and 
then wait again until another disturbance occurred to 
see if the proper stability had been obtained. 





Reset Windup Elimination 


Consider that the deviation voltage E, has departed 
from zero long enough that the controller output has 
gone to one extreme, and thus the control valve has 
reached the end of its travel. For definiteness assume 
that E; has become negative and thus the controller out- 
put is at its maximum value (5 ma or Er = +30 volts). 
E, being negative, the input grid will attempt to go 
negative and the controller output will try to go above 
5 ma or to increase E; above +30 volts. At this point 
the upper or Max. diode will become conducting and 
only slight further increase in E; or I. will suffice to 
hold the amplifier input at zero since R, is substantially 
larger than the diode bias resistor. 

The controller will thus sit with its output limited to 
a value slightly greater than +5 ma and the Max. diode 
limitor current will be equal to the current flowing 
through R: which is caused by E, having a negative 
value. This condition will persist with E, very near 
zero as long as E; sits with its negative value. 

However, as soon as the wide open valve has been able 
to produce an effect through the process, E, will start 
increasing from its negative value toward zero which 
will decrease the current flowing through R:; back into 
E; and will also set up a current through C, flowing 
toward the grid. The current through C;, is thus seen to 
be in the opposite direction and the net result is that 
the Max. limiting diode current is decreased. 

At some time the current flowing from the Max. lim- 
iting diode will become zero and we have entered the 
proportional band and will remain inside this band 
until the controller output is again driven to one of its 
extremes. This entering of the proportional band occurs 
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Figure 14. Return to control point—fast process. 


when the reset current through R: is just balanced by 
the proportional current through C, or 


—E. dE; 

B =CR 
: dE, __145, 
E:= RC: “at = RRat 


where RR is the reset rate. We thus have a proportional 
plus reset controller which enters the proportional band 
at a time 1/RR before the measured variable reaches 
the set point as illustrated in Figure 13. Figure 14 shows 
an analog process returning to the control point. Inspec- 
tion of the unit shows that this result occurs for an ap- 
proach to the set point at any rate and from either di- 
rection, using the Min. limiting diode for approaches 
when the controller output is at 1 ma. 

Reset windup has thus been eliminated and reset 
overpeaking is also eliminated if the pen is approaching 
the set-point from a sufficiently large deviation. 


Conclusion 


Flow control has been shown to be an inherently fast 
process and can thus benefit from the elimination of 
transmission lags. This is especially true where local 
conditions have perhaps not permitted the use of field 
mounted pneumatic controllers. We have shown that 
high speed valve action is desirable and pointed out 
that damping of the flow measurement is usually de- 
sirable. The flow process being inherently fast is also 
subject to rapid upsets and can thus probably benefit 
most due to the elimination of reset windup as accom- 
plished in the electronic controller herein described. 
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> Evaluating Process Instruments 


by W. O. Webber (ISA Member) 
Staff Engineer, Humble Oil & Refining Company 
Baytown, Texas 


Instrument improvement can be evaluated in the terms 
of steady-state versus average oscillatory production. This 
is a simple and helpful technique available when time does 
not permit extensive plant analysis. 


THE ECONOMIC EVALUATION of an instrument 
must usually be made in terms of process factors that 
are external to itself. Before an investment is made in 
new instrumentation there must be justification. The 
predominant factors in the evaluation are operating 
costs, production rates, production yields, and product 
quality. Since the economics attending changes in pro- 
duction quality can be difficult to determine, it is de- 
sirable to have a simple means of estimating the effect 
of instruments. 

This article presents a simple but effective technique 
for determining the worth of instrumentation in rela- 
tion to process performance. Evaluation is made in 
terms of steady-state versus average oscillatory produc- 
tion, using a product rate-quality curve. It shows that 
the potential increase in production for smoothing out 
an upset process is simply one-half f* where f is the 
percentage amplitude of the variation in product dur- 
ing the upset condition. The answer is conservative, 
but helpful to instrument engineers who are often short 
of time needed for extensive plant testing. Instrument 
performance, not internals, is considered. No attempt 
is made to evaluate a complete control system wherein 
a systems approach might reduce process investment. 


The problem may be stated as the determination of 
credit accruing to the installation of a new instrument 
as a substitute for something less desirable. The less 
desirable may be manual control, inferential control, 
or an inferior or obsolete instrument. Fundamentally, 
the problem always reduces to evaluation of the differ- 
ence between the proposed case and the present case.1! 

The fundamental objective is to increase profits. This 
can be accomplished by reducing cost or increasing 
process efficiency which we will call process credits. 
The cost factors are (1) salaries and wages (2) main- 
tenance materials (3) chemicals (4) supplies (5) utili- 
ties (6) direct feed (7) fixed charges and (8) overhead. 
Process credits are (1) greater throughput (2) more 
product yield (3) improved quality, and (4) greater 
uniformity. 

Methods for evaluating process improvements through 
better control are rare, and determination of process 
credits are difficult. Unfortunately the areas of greatest 
potential cost reduction are the most difficult to analyze. 
Obviously, this is an important challenge to manage- 
ment and instrument engineers. These process credits 
can be evaluated in terms of quality at constant product 
rate or in terms of product rate at constant quality. The 
quality factors receive special attention in periods of 
recession, whereas the production credits receive more 
attention in periods of expansion. 


Evaluating Process Credits 


There are two paths to the solution of the problems 
of evaluating the process credits which accrue from in- 
creased and improved production. 

(1) Evaluate the profit attained in the base and 

Froposed cases and subtract, 


1 Economic Analysis in Petroleum Refining, J. P. Hamilton, Petroleum 


Refiner, Oct., 1953 
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(2) Use differential calculus. 


The first path is straightforward. The second may be 
shown mathematically as: 
dP 
AP = av AV 

Where P = Profit, V = Variable affected by the pro- 
posed instrument installation. 
For example, suppose that in a distillation process, an 
analyzer on the overhead product will permit the pro- 
duction of more overhead with the same quality and 
unit profit, say two cents per pound, = dP/dV. Then 
the increased daily profit, AP = 2 AV. The problems 
are, of course, evaluating dP/dV and AV. The deriva- 
tive, dP/dV, is actually not equal to the average net 
profit; it is greater, because fixed charges are not prop- 
erly attributable to incremental production. AV is us- 
ually related to a composition-yield or quality-quantity 
curve. An analysis of these problems is detailed below. 


For some problems, the profit accompanying an in- 
crement of production may be taken as just the average 
net profit. As a refinement, the operating cost may be 
used to arrive at the true, larger unit profit. 


Profit and Costs 

















Incremental 
Basis Average 1 2 

Assumed Ratio of 
Marginal to Total 

Operating Cost 1 0 1/3 
Unit Profit P/V p* p* 
Operating Cost C/V 0 1/3 C/V 
Gross Profit before 

Operating Costs P/V+C/V P/V+C/V P/V+C/V 


*p—dP/dV (incremental profit) 


These data are usually available: P total profit; V vol- 
ume of product; C total operating cost. It is clear that 
when marginal operating cost is zero, marginal unit 
profit can be expressed as: p = P/V + C/V. A mar- 
ginal cost of zero assumes fixed utilities. On many 
process units, the marginal cost is about 1/3 times 
total cost. In this case, incremental profit is: 


p=P/V+ %C/V=1/V (P+ %C). 


Product-Quality Curve 


The most difficult evaluation to make is the deter- 
mination of the product-quality curve. But before de- 
scribing procedures, let’s outline how it is to be used. 
First, in summary, we have plant information on pres- 
ent control in terms of frequency and amplitude of 
product volume variation. We visualize smooth control 
and postulate that with smooth control, an increase in 
product volume at constant quality will be achieved. 
Then, increased product will be evaluated as described 
above. If market conditions limit production to a fixed 
value, the better control can be alternatively evaluated 
as yield and raw stock or as utilities; that is, utilities 
can be reduced in the same ratio as the yield increase. 

Now there are three ways of arriving at a yield- 
quality curve: (1) plant run sheet data, (2) test run, 
and (3) calculation, if creditable. 

These are listed in the order of increasing merit. The 
difficulty with the first method is the usually marked 
influence of extraneous variables, such as feed rate and 
composition, on the number of data peints required to 
define the curve. The second method usually makes suf- 
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ficiently large changes that product quality changes are 
large with respect to testing error; it usually has also 
technical supervision by persons interested in the data, 
who are alert to changes in extraneous variables and 
who attempt to minimize their effect. Calculation pro- 
cedures are easiest if theoretically possible. They tend 
to be distrusted by others. They become more creditable 
by virtue of checks against (1) or (2) and by virtue of 
experience of the technical man making the calculation. 
It is worth noting that this is the point where the in- 
strument engineer must depend upon a skillful and 
sympathetic process engineer. This connection is one of 
the weak links in working up economic credits for im- 
proved instrumentation. (It has been said, with respect 
to data and theory, that “Data is what everybody be- 
lieves except the man who got it,” and “Theory is what 
only the man who originated it believes.”) 

The product-quality curve will usually have a nega- 
tive slope as shown in Figure 1. Assuming this is a dis- 
tillation process, the maximum product rate will be 
equal to the feed rate and the minimum purity will be 
the feed purity. The curve will pass through the points, 
(F, xr) and (0, 100%). The curve FDC is an ideal 
curve with perfect fractionation; at D the maximum 
possible product yield is the total volume present in 
the feed, F - xr. The actual curve for fair fractionation 
is FABC. Economical operation will usually occur in 
the region A to B, near D. 

Now, if one type of instrument allows an oscillation 
in product from A to B, some average will result: 
P and xP. If the same xP is produced at a steady product 
rate P,, the vital question is—What is (P,—P’), or 
(P. — P’)/P’, or AP/P’ - 100. The latter is the percentage 
increase in P’. 

To compute the increase, two different assumptions 
might be made: (1) the curve is linear, that is, P = 
m x + b, (2) the curve is curved, that is, P = mx’ + 
nx + b. The development in the appendix assumes 
linearity. It is shown, with the assumptions made, that 

Psteaay State 


— a 1 
Posestiatery = : + ve e 


where f = fractional variation in P. 


As an example of the case of utilizing this equation, it 
may be applied to a process unit in which is invested, 
say $1,000,000. Let us assume a 10% annual profit or 
$100,000/year. An analysis of operating data indicates a 
variation in production due to poor control of +10%. 
Substitution in the equation shows that the ratio of 
steady state to oscillatory production = 1.005. The com- 
puted increase in production of %% would increase 
profit at least in the same proportion: %% of $100,- 
000/year = $500/year. Low operating cost on the in- 
crement of production would increase this result, to 
perhaps $1,000/year. 

Of course, a 10% variation in a process is large enough 
to draw attention and be corrected without benefit of 
mathematical analysis. In fact, the mathematical re- 
sult is based upon some questionable assumptions. 

First, only one product was considered in this de- 
velopment. If this process were a fractionation column, 
an increase in overhead production of constant quality 
would surely be accompanied by an increase in bottoms 
purity, and additional economic credits. 

Second, a single production-quality curve was pre- 
sumed to exist, applicable at any and all times for a 
given process operating at a given load. Actually, there 
is likely to be a series of such curves, one for very slow 
disturbances close to steady-state operation, another for 
faster disturbances, etc. Such variations could easily be 
taken into account using the procedure outlined in the 
appendix. It would complicate the result. This more 
complicated, truer approach would probably increase 
the credits. 

Third, the assumption of a linear production—quality 
relationship reduces the credit assignable to an improve- 
ment in control. Further development in the direction 
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Figure 1. Product-quality curve. 


of curved production-quality curves might be warrant- 
ed, but the use of such developments will almost surely 
be limited by the current lack of quantitative data of 
the right type on processes in transient disturbance. 
Appendix: 
Production rate, P, is a function of time, t: P=P(t) 


P is a funtion of its quality, x: P=P(x) or x=x(P) 
F is periodic, P(x) and x(P) are linear or nonlinear. 


In any time interval, p, the volume of product 








AV=f.PdV and the volume of x “component” 
= A(Vx) = S.PxdV 
The average rates over this interval are: 
° o P(t)dt 
for total product, P’ = ot = 7 > - Sf ( x 
i product, P’x-X SY. = So’ xdV_ — So? x(P)P(t)dt 
for “x” product, P’x= At ~ fe — p 


The average purity of the product over this period of 
time is: 
So” x(P)P(t)dt 

So” P(t)dt 
This is the general equation. In the special case for 
steady, smooth production, 

, =x (P;) 

In order to compute the relationship between smooth 
production rate and varying production rate, for the 
same quality in the two situations, it is merely necessary 
to eliminate the left-hand x’s in the last two equations 
by equating. 


a ¢ oo 
Xx = -5- = 


x(P,) =o X(P)P(t)dt 

S.’P(t)dt 
This is the general relation in P’,, steady-state pro- 
duction and variable rate production. Specific rela- 
tions for product-quality curves, P(x), and product- 
time curves, P(t), can be substituted. 


Linear Solution 
Let: P(t) =P’. (1+ fsinwt) 
Where f=fractional variation of amplitude in average 
oscillatory production, P’. 
w=frequency of variation. 
x(P)=m P-+b for both steady-state and oscillatory 
production. 
Substituting: mP,+b= 
for P’. (1+fsin wt) (m{P.i 1+fsinwt t]+b) dt 


f.’P.(1 + f sin w t) at 
After putting in the limit p = and evaluating the 


definite integrals, we arrive at 
P’,/P’. = 2+ 
—-1+%f 
This relation says that production loss due to periodic 
variations in the process is a function of only the am- 
plitude of the variation, independent of its frequency 
and independent of the production-quality curve. It is 
not too surprising that w drops out, but it is somewhat 
surprising that m and b have dropped out. 
Acknowledgment 

The author wishes to thank Mr. J. C. Dickson and 
Mr. H. C. Edwards for their help in the mathematical 
development. 





65 











ENGINEERS NOTEBOOK NO. 47 





The digital computer has proved to be a valuable tool in providing fast 
answers to complex problems encountered in petroleum refining, product 


blending, pipeline delivery scheduling, general engineering and marketing. 


Optimizing Refinery Operations 


With A Digital Computer 


by Ralph Landes 
Research Programer 

Champlin Oil & Refinery Company 
Fort Worth, Texas 


THE PRODUCTS of our company number 209, rang- 
ing from liquified petroleum gas to asphaltic materials. 
From the 30,000 b/d refinery at Enid, Oklahoma, this 
multitude of petroleum products is marketed in the 
Southwest, by pipeline, rail and truck. Every major 
petroleum refining operation is carried out—crude top- 
ping, vacuum distillation, platforming, catalytic crack- 
ing, depropanizing, alkylation, etc. The diversity and 
complexity of this operation offered an ideal challenge 
for optimization. A preliminary study indicated that 
the digital computer was an ideal tool, and offered a 
great potential to provide answers to the complex 
problems of many interrelated refinery operations. The 
paramount factor which influenced company officials 
to use a digital computer was the need for operations 
data on short notice in the face of changing economic 
conditions. The digital computer has provided a fast 
and economic means of determining the best set of 
operating factors for any given set of conditions. 

Two basic digital computer programs are discussed— 
the “refinery general program” and “linear program- 
ing”. 

Refinery General Program 

This program was divided into three major parts: 
(1) develop a complete material accounting based on 
amount of crude processed, (2) compute minimum op- 
erating costs for given conditions and unit cost of all 
products, (3) determine gross and individual product 
margins. 

These steps follow the path of material flow through 
the refinery. Figure 1, showing cat cracking and gas 
recovery operations, is typical of refinery operations. 
The minimum operating costs for given conditions are 
computed and the unit costs of products are calculated. 
Fixed and variable expenses are separated and dis- 
tributed to each of the products in accordance with the 
material balance computed. The amount of material 
to be used as charge stock to the various units is deter- 
mined and either arbitrary or determined conversion 
levels are set. 
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For example, the conversion level at which the cat 
cracker is operated is dependent upon several economic 
factors. Decant oil, light cycle oil, heavy cat gasoline 
and light cat gasoline are end products of the crack- 
ing operation. Decant oil and light cycle oil, two of 
the materials used in making fuel oils, are produced 
in an inverse relationship with the cat cracker con- 
version rate. The quantity of gasoline from the cat 
cracker varies directly with conversion rate. There- 
fore the price and demand for gasoline and fuel oil 
determine operating levels of the cat cracker. Also, the 
amount of charge stock which is destroyed increases 
as the severity level increases. In addition to these 
factors, the quality of resulting products varies with 
the different levels of operations. The operating level 
is actually an economic balance between the value of 
resulting products, the amount of charge stock de- 
stroyed and the demand for the finished products. 

The refinery general program is outlined in Figure 2. 
Such an accounting arrangement enables our refinery 
personnel to explore the effect of a change in any par- 
ticular variable on the overall refinery processing struc- 
ture. 

Beyond the value of the program in exploring rami- 
fications of operating variations, it also is useful in 
determining optimum TEL usage in gasoline blends 
and in computing individual product margins. The op- 
erating variations mentioned above are of a general 
nature and are not specific variables which affect the 
operation of a particular processing unit. Operating 
variables such as temperature, catalyst, residence time 
and pressure are the types of operating variables which 
could not be directly analyzed by the program. At the 
present time enough is not known about the relation- 
ship between variables to express them in a mathe- 
matical equation. However, much progress is being 
made in this area, by using multiple correlation tech- 
niques. The major problem in this respect is in obtain- 
ing representative basic data. 


Linear Programing 

A general definition of linear programing is the 
analysis of problems in which a linear function of a 
number of variables is to be maximized (or mini- 
mized) when these variables are subject to a number 
of restraints in the form of linear inequalities. Our 
main application of linear programing has been in 
gasoline blending. The classic nut-mix problem is 
analogous to this problem, and illustrates the tech- 
niques used in programing such problems on a digital 
computer. 
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Cashews are purchased for $0.65 a pound, hazelnuts 
for $0.35 a pound and peanuts for $0.25 a pound. These 
three types of nuts are to be mixed into three different 
products. The specifications for the products are as 
follows: Product 1 must contain at least 50% cashews 
and not more than 25% peanuts. Product 2 must consist 
of at least 25% cashews and not more than 50% pea- 
nuts. Product 3 can contain any combination of the 
three types of available nuts. The availability of the 
three nuts is as follows: 100 pounds of cashews, 100 
pounds of peanuts and 60 pounds of hazelnuts. The 
question is, in what proportion should these nuts be 
mixed, in accordance with the existing restrictions, 
in order to maximize profit? 

Let us denote X: as the quantity of cashews that 
goes into Product 1, X:. as the quantity of peanuts that 
goes into Product 1, and so on, as shown below: 


PRODUCTS IN MIX 


1 2 3 
Cashews = = a 
Peanuts X. Xs Xs 
Hazelnuts Xs Xe Xo 


We have a limited supply of these nuts and, therefore, 
we have: 


X.+%.4+X%;<= 100 (1) 
X: + X; + X; = 100 (2) 
Xs + Xe + Xo = 60 (3) 


Product 1 must contain at least 50% cashews, 
X ~ 
Xi + X- ms, a = 0.50 
Product 1 cannot contain more than 25% peanuts, 
Xe 2 
x+aex. “™ 
Product 2 must contain at least 25% cashews, 
X, 
ee ee = 0.25 
Product 2 cannot contain more than 50% peanuts, 


(4) 
(5) 


(6) 
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Converting all of the above inequations to less than 
inequation form, we have: 
Xi +X%,+X%;,= 100 
Xe + Xs; + Xs < 100 


X; + Xe + X= 60 (3) 
— %4X%,+ %X:— %4X%;:=0 (5) 
- 34X, a 4X; +- 4 Xo =< 0 (6) 
—_ 1X, + 4X; — 14X, = 0 (7) 


Profit realized from the use of any one type of nut 
in any of the three mixes is simply the sale price of 
the mix in which any particular nut can be used minus 
the cost of the nut which is used. Expressing this 
mathematically, we have these profit equations: 
Z = 50 (Xi + X. + Xs) + 35 (KX. + Xs + Xe) + 
25 (X; + Xs + X.) — 65 (X%1 + KX. + X;) — 
25 (X: + X;5+ Xs) — 35 (Xs + X. + Xp) 
This can be written as: 
Z = —15X, + 25X. + 15X, — 30X, + 10X; — 40X; —10X.. 


At this point, all of the basic information is in in- 
equation form and ready to be set up for solution by 
the simplex method. It is necessary to convert the in- 
equations to equations. This is done by adding a “slack 
variable”, each with coefficient unity, to each inequa- 
tion. The slack variables may be defined as new non- 
negative unknowns which have been introduced into 
the system in order to express inequations as equations 
and provide the system with sufficient flexibility. After 
adding these slack variables to the inequations, we 
now set up the problem in convenient tabular form 
as shown in Figure 3. This table is simply an orderly 
fashion of displaying the coefficients of the equations. 
The problem is now ready for solving by the simplex 
method as developed by G. B. Dantzig and further 
modified by A. Charnes. 

This solution is always contained in the identity mat- 
rix, which is that portion of the problem starting 
the X. column through the X.» column. Starting with 
this basic feasible solution, it is now necessary to im- 
prove this solution until the optimum solution has been 
reached. The first rule is, the next variable to be intro- 


(8) 


67 

















| 

| 

| 
XUM 

















































































































































































































































































































































































































































































































































































































































































































































































































































































































ow 
° c 
*Auedwos Suiuyjoy pue pio uydweys ye ,,wesZoud jesousd Asourjos,, 405 yOOYsSyIOM 4dyseWY “FZ B4NBi4 5 
ae 1 (e) 
303 v2 — 
i. ]e9so}]_33!ud25Nn} WH4LV1dZ 3N 29) v9e9 vsz9 <x 
WILY "d | ON! e222 69£9 6S29 Ww 
| 229 29¢9 2S29 = 
r @b29 a9¢9 as29 
3Nvine db29 
Hoe aeas 2€0S] 3D€ NOW WV34LS QvZiA_ | 39iud snidyns 
@eas 60S ecas| 81D NOW 
7e0¢ x ecas} Dae Now] 72 aN iieiptidecaiial 4901S 387 Sv ONINYOS3Y DJILAIVLVS 
€€0S 10S ocas] wD Now 3897 a... p Age €2¢9|4S09 37avINVA 
420 azas 320s] 28 NOW 73nd 13° + 2 ihe wanes. 22€91LS00 O3xi4 
a2as 6205 @20S| ui) NOW 7303 2 5N 
reo S06 Tezact 93 Now] 7! ON aad TaN + Saewe 20 ONINNOS3H LVD OL 3OYVHD SV 
< 208) 1206 Tozod ut) Now Tang 9 aN simul 13058 Q3SN Si WY3YLS VWHLHdYN 3HL 40 
DiosssGAH| SvIN'T| I OeVEVG| wO1dVvS WO _INvI30 _ 2 4038 ZOVINZIU3d O3XId_ SIHL 
| [3s 3BWNIOA TWN! Q3S9 3@ AVA S$4N312133309 ONILD3U INVdO0Ud ] MOOLS 38m a 
“9180 Sit 30 39VLN3IN3d -4OD 3S3H1‘ 31VY NOISH3ANOD 3HL HLIM 3NIIOS V9 v 
SIMA CL SHNIBHS INIIO] | 30NVHD OL ONNOS BUY S3NITOSVD G3x2vUD 031 3uvW 303 3709 
~$V9 3H4 “ONIGN316 ONIENA 4v2 26N 8 tN 4O S3NVL90 3HL 4! apo9 8919 @s09 
| 09 v9i9 vS09 
6v09 6919 6509 
3902 6902 3902 a Vans 13° pb O09 9919 »So9 
79 694 29:2] _WOIW380 -— VHIHdUN €09 ©3919 S09 
3924 6922 3924 BV 109 38) a oe NOY BLS Z25N 2vo9 2919 2509 
33:04 | .dva Ncw] 4N3Du3d |  30vK5 = a BES to dan 1919 109 
Dvo9 0919 0$09 
s30vy9 3NITOSVS praahecs, Tani 96N Crxer) 8919 8509 
} 373 lav a 3NViNe 4909 
my ~———__—__—___— V3Nd EN $v09 919 
Biv iANtv2sN] Sn auns 3599 —_ Winnie OS $33 08 
4960 v96V BL AN Tw2eN [ov99 2919 7 
aa wont Svan Toad — Site aos +1 398vH) Lv) 209 2319) 2509 
7 Tx. —aivwonvign [avs 8929 wand a aN, aha S3XVN Sinan pW 3NLS Q731A 321ud SNIdHNS 
. 
499¢ pas wv3uis [97314 PRICE] 341 40 1NO NanyL Si S13uuve WANIVA B OINIddOL 
235" v9ST ivi0l wi3H1 JO 'MO13@ NMOHS y 
23bv Vober NOILVIANTV ‘a INd2u3d | O3xi4 v @ O3NIBNOD ea von gg 
uv i DAD 8 31VINISIG_3HL 2zi9]4 Xl4 
rats v9 OV [€229]1S02 37eVINWA 
4920 V9 2249|4S09 03x14 + 
490 v90v 
798 voav SWV3ULS 334Hi 3S3HL 4O WWAOL 3HL 304] ___‘jvsas aS4s 6S4S eS3S 
Z9VY voUV SI NOLLVIAMTY OL JDYVHD 3H1 03 8959 8Sb9| WO 319A9 2b4S €b4¢ 14S lObss 
2O3N vol SvHOUNd SI te Beg pn ng s! 6959 6S¢9| N10 LNVD30 9035 ies Sb3S boas 
79t0 atv eee eee eee ee ee a 396 2Sb9|__3NVdO¥d 2645 S45 1645 S45 
$309 SNIdHNS 3H1L‘G39NGOUd SI a See ret cae = ge 
49eV v9ev HONONZ NVHi 38OW 4i 3NVLNGOS! 
i3i¥ volv HLIM ‘NMOHS S39V1N39Y3d 3HL 3NVLNGOS! 954 4535 SS4S PS3s 
INl0d %06|  dAU NI‘G3HOLVW 38 LSNW 09S a9s9 8S9/3N3IAdOud 393 3b3S Qbas 2635 
SWY341S OML 3S3HL ODS v9s9) vSb9| 3N37AiNS Vbss 8b3S 6045 abs 
§ 299 2Sb9| SV9 A10d 3€3S 3€3S 03S 9€3S 
LY SLY 1d 25N 1260 O16 396 ie } 9959 9Sb9/0N4O 1VIZEN vas 8£3S 6€3S 8€ 36] 
inuaiv is gh aaF OLN —— ee . + $959 GSb9|GNuD LVI oN 9€3¢6 2¢3S Se3S veas 
TITPTL iN Bie rr ard TIVINVA 2235 €235) 1236 0235 
NAY BIS ZEN 198 ore —— ———— IN3IVAINOa WO Tana 3D1ud SNIdHNS | WV3LS | LNVISNOD plOese3dAH | SV3Nit DnoOsVyVE 
Nn 8S l6N iZS¥. Ousv PE] Joc Sv Q3NUN@ SI 3NVING SNIHNS ANY LS NOISHY3ANOD 4O NOILINNS SV Q13IA B 1S0D 371eVINVA 
1Zev OLbv 3900 3960) onesies Go tele Gases ana NOILVZINAWATOd 8 
BLV7A»-VZEN 1240V 0z0V | } ud SI! ving iON 4! QOISINOISH3ANOD 
BLvAw iv i3N 12v O20V ae 3357 oe | | | | ‘awit G3xi4d 3H OL dM 3uNSS3ud SLI 576911S09 3X4 ONINDVYED DILATVLVS 
Sv) AlOd i eo | ONING O1'39INd 304 LV ‘100d 3NIN0 
Gpasd avd 2aN Saal — — ote — —__} | ]-Sv9 3H4 01 Q30Qv Si 3NVLNa HONONS [ 
pAwD 1VD16N 320s v2as 9205 =e JOrds|4IWIT dAY AOOd 3JNVLNG 30nd o2'9 1219 3NWA ONITI3S MISHL 
3Nvine 1230 O13 393V 393 209S]3918d_304 SNVLNGOS! 2028 OL NOILYOdONd NI SWV3YLS Y3HLO 
Zev ozev d9€V 39¢v}—— 3NViNe 809s Viv w3AO G34LNMEIwLSIA Si 41809 SIHL 
Zev O12v 492V 3920+ SO09S' 2098 Q30NGOwd 3aNVINgOS! ONY ‘3NVLNe 
QV3HONISVD) 1210 Ozi¥ 4910 391vee— OIS 109S "304 40 S734NVE 3HL SIWIL 304 40 
wvauis | d9© NOW] UD NOW] D9C Nou T UiD Nou Ov 3SHONISVD €00S 00 301d 3HL SMNIW ‘1SO9 G3Xi4d 3HA SNId 
100d 3NI0sv9 S$30VHD 33YHL BHL 4O SHOLDV4S HONV3S3YN avi) yoos ‘973S11 3OYVHD 3HL 4O 3NIWA 3HL SM 
Vv — 3HL 30 39VYHBAV O3LHOISM BHL OL df MOLDOVA WV3NiS 3318d $134uyuvs *Z9NVHD 40 S713uNVe 40 Y3IGWAN 3HL 
HONV3SSY Sil ONING OL 100d 3NITOSVD 3HL aQ3SVHOuNd S3WId 1809 37AVINVA 3HL 38 OL N3NWL 
O41 Q300V Si QV37 173HL3V4131 HONONS SI LINN ONILVH3dO HOV 4O 1809 3HL 
co 
» 


























EQ. 
no. | VECTOR {Xo |*10/X11 


' +1 
2 
Figure 3. . 
Table of 
coefficients 
for the 


nut-mix problem. 





Xia |Xg [Xs |Xi6 |] Xt 





+1 








duced into the solution is the one which will result in 
the largest differential profit. This is simply the variable 
which has the largest negative value in the Z;-C; row 
of the table. After determining the incoming variable, 
it is necessary to select the outgoing variable, or the 
variable which is going to be replaced by the new vari- 
able. Considering only the column of the table in 
which the incoming variable is located, divide the posi- 
tive coefficients in this column into the coefficients in 
the same relative position in the X. column. The smallest 
quotient resulting in the division operations determines 
the outgoing variable. In cases where there are two or 
more identical quotients, degeneracy is present. When 
two or more identical quotients are obtained, the rule 
is to obtain another set of quotients, using the same 
positive coefficients from the column which contains 
the incoming variable as divisors, but instead of using 
the X, column coefficients as dividends, use the X. + 1 
column of coefficients. If the tie is not broken at this 
point, proceed in the same fashion, i.e., X.+2 --- X.+n, 
until a point is reached at which there are no further 
identical quotients. When this point has been reached, 
whether it is in tne X. column or any X. + n column, 
the row on which the smallest quotient was obtained is 
the outgoing row or variable. After the incoming vari- 
able and the outgoing variable have been selected in the 
above mentioned fashion, the next step is to exchange 
these variables and prepare the table for the next 
improvement step. 

The coefficient in the matrix which lies at the inter- 
section of the incoming variable column and the out- 
going variable row, is defined as the pivotal element. 
Dividing every element in the outgoing variable row 
by the pivotal element results in one row of the new 
matrix. The rule for the construction of the remainder 
of the rows in the new matrix is as follows: 


X’:; = eoefficient in the new matrix 
Xi; = coefficient in the old matrix 
X15 = Ki — (Xe) Ku 

(Xr) 


The above subscripts carry the following connotations: 

r = row selected 

k = column selected 

i =row 

j = column. 
The = element has already been computed in con- 
structing the first row of the new matrix. Multiply this 
element, which lies in the comparable column in which 
you are working, by the Xi. element in the old matrix 
and subtract the product from the X,; element in the 
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old matrix. Proceed in this same fashion until the com- 
plete new matrix has been obtained. 

We now have an iterative scheme for proceeding, one 
step at a time, until the optimum solution has been 
reached. This optimum solution point has been reached 
when there are no further negative coefficients in the 
Z; - C; row of the matrix. At the optimum solution point, 
the allocation of products consists of the following mix- 
tures of nuts: Product 1 contains 100 pounds of cashews, 
50 pounds of peanuts, and 50 pounds of hazelnuts; Prod- 
uct 3 contains 50 pounds of peanuts and 10 pounds of 
hazelnuts. It is not profitable to market Product 2. Total 
profit for this system is $4.00 per day. (See equation 8.) 

This is basically the technique of solving a linear 
programing problem which we have programed for 
our computer. For a matrix size of 22 x 46, which con- 
sists of twenty-two equations containing essentially 
forty-six unknowns, solution time on our computer runs 
from 1.5 to 3.0 hours. This time is small relative to other 
means of solution. Also, an optimum solution is guar- 
anteed and much more supplementary information is 
available in the final table. 

In most problems, the equations are easy to derive 
because they simply state the restrictions or quality 
standards which are desired of the system. For example, 
in gasoline blending, the gasoline cannot exceed a cer- 
tain maximum Reid Vapor Pressure; it must, also, meet 
at least a certain minimum Motor Octane Number and 
distillation points must lie within certain limits. Also, 
Research Octane Number must be at least a certain 
minimum, and the quantity of TEL used cannot exceed 
3 cc per gallon. These equations, plus a simple quantity 
equation for each finished product, express the system. 
Once the routine is programed for a digital computer, 
the greatest part of the work connected with the use of 
the simplex method is completed. 

In addition to linear programing and the refinery 
general program, we have available multiple correlation, 
simple correlation, pipeline scheduling, gas measure- 
ment, reservoir engineering and other routines which 
are used by various departments within the Company. 
It can be seen that we have programed diversified 
applications for our computer. We have found the dig- 
ital computer to be a very useful tool and our ultimate 
goal is to use this tool to monitor refinery processes and 
enable us to operate the refinery as close to the opti- 
mum level as possible. 
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a. “Optimum Profits from a Multi-Product Plant”, 
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b. “An Introduction to Linear Programming”, Charnes, 
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Puzzled by hydraulic controls? You needn’t be. They are easy to trou- 


ble-shoot and fix when you know their basic principles. And as always, 


good installation, proper preventative maintenance, and systematic serv- 


icing will pay you well in top performance and long trouble-free life. 


Trouble Shooting 


Hydraulic Control Systems’ 
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Figure 1. Piping diagram of a typical industrial hydraulic 
control system. Capital letters are check points referred 
to in the step-by-step trouble-shooting procedure de- 
scribed herein. (A) downstream pressure gage or manom- 
eter, (B) signal-line pressure gage or manometer, (C) 
shutoff valves, (D) pressure gage to measure oil supply, 
(E) pressure gages for measuring pressure from regulator 
or 4-way valve, (F) pressure gages for checking load on 
cylinder, (G) pressure gage for checking upstream pres- 
sure, (H) throttle valve for adjusting cylinder speed, (1) 
control valve, (j) signal system, (K) oil reservoir, (L) relief 
valve, {(M) location for oil temperature indicator or con- 
troller. 


by T. H. Filmer, (1SA Member) 
Service Manager, GPE Controls, Incorporated 
(Formerly Askania Regulator Company) 
Chicago, Illinois 


HYDRAULICS is a term that should be very familiar 
to you. For, almost every day, we all use hydraulic 
devices in our automobiles—brakes, hydraulic jacks, 
and power steering—which give us incomparable 
smoothness, silence, great power, and dependable opera- 
tion. 

By contrast, modern, industrial-process hydraulic 
control systems may seem complicated. But actually, 
their fundamental design is quite simple, and their 
service, as with all instrument systems, is much easier 
when you fully understand their basic priniciples of 
operation. 


Basic Principles 

A hydraulic control system consists of: 1. a unit for 
generating force (pumps); 2. suitable piping for con- 
taining the fluid under pressure; and 3. units in which 
the energy of the fluid is converted to mechanical 
work (cylinders and fluid motors). Also, there are 
auxiliary equipments—directional valves, blocking 
valves, a regulator or controller to direct the flow of 
fluids, a reservoir to contain a supply of fluid, and 
return lines to carry the fluid back to the reservoir. 

Hydraulic control systems, like pneumatic and elec- 
tronic systems, consist of three basic parts: 

1. primary element (measuring device) 

2. controller 

3. final control element (usually a control valve) 


PREVENTATIVE MAINTENANCE 
I strongly urge that you follow these preventative- 
maintenance suggestions for long, trouble-free opera- 
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tion. Always remember that, particularly in service 
work, an ounce of prevention is worth a pound of cure. 


1. Hydraulic Control System Fluids 
A. Use a Good Grade Fluid. Follow the control manu- 
facturer’s recommendation. 


1. Petroleum Fluids 
a. Use a fluid with suitable viscosity for your job. 
If you can’t avoid temperature changes, you may 
have to change your fluid in the spring or fall. 
b. Use an oil that contains additives to prevent 
oxidation, rusting, corrosion, and foaming. 
c. The fluid you use must lubricate adequately. 


2. Fire-Resistant Fluids 
a. Here again, viscosity is very important. Since 
the temperature-viscosity curve for some of these 
hydraulic-systems fluids is fairly steep, a 50°F 
change might cause the fluid to become too vis- 
cous for satisfactory operation. You might have 
to control the temperature in your oil reservoir, 
as well as to protect the cylinder and piping from 
exposure to low ambient-temperature. 
b. If you are changing over from oil to a fire- 
resistant fluid, make sure your seals, packings, 
gaskets, filters and O-rings are suitable. Neoprene 
and Buna N are satisfactory for oil, but not for 
some fire-resistant fluids. You may have to use 
Butyl or Teflon material. 

B. Keep the Fluid Clean and Moisture Free. Use a good 

filter and change it regularly. 

Why is a good filter necessary? The oil in any hy- 
draulic system will pick up sand from castings, and 
steel and other metallic chips from piping, valves, fit- 
tings, etc. Such particles will block small openings, get 
in between closely-fitted parts, and erode piping and 
fittings, causing unnecessary wear in pumps and valves. 

Be sure to choose a filter suitable for your particular 
installation. Often, a filter that will remove particles 
down to 40 microns is satisfactory, But, if your sys- 
tem is made up of finely-fitted parts, you may have 
to use a 10- or 20-micron filter. The cost of just one 
shut-down due to dirt or plugging usually will easily 
pay for a good filter, let alone longer life of pumps, 
valves, and other comporents. 

It’s good insurance to set up a regular schedule for 
changing your filters. To know when to change filters, 
instali pressure gages before and after the filter. Keep 
a record of the pressure drop across the filter when it 
is new. Then, when the pressure drop is double what 
it was, replace the filter with a new one. 
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C. Keep the Fluid Below 150°F for Best Results. Most 
oils start to break down just under 150°F. Keep your 
oil from oxidizing into “varnish”, by installing an oil 
cooler, or by using a larger oil reservoir. 

For best results, try to keep your oil above 100°F, 
even if you must install a heater in the oil reservoir. 
This keeps the pump working efficiently and reduces 
the load on the pump motor. The uniform viscosity 
also enables your equipment to work better. 

D. Keep Fluid Level Up. It’s wise to check the fluid 
level daily so as to catch small leaks and get them 
repaired before the level goes down too far. This 
keeps your oil volume up to normal and allows the 
oil more time to cool. It also prevents your pump from 
sucking in air. 

E. Change the Fluid When Necessary. Each installation 
differs, so it’s hard to say how often you should change 
your oil. Sometimes, six months would not be too 
often; in other cases, once a year. Here are several 
clues as to when to change fluid: 

1. When its color changes, starts getting dark or 
black, it usually is oxidized badly. 

2. If it gets milky, it means it contains much moisture. 

3. If its pH changes from neutral (7.0), it should 
be changed. 

4. If it has been heated to 150°F for some time, it 
may be badly oxidized. 


Il. Piping and Components 


Keep your hydraulic system tight and free of leaks. 

A little extra care and time during installation will pre- 
vent later breakdown. 
A. Pipe Dope. Few of the available pipe dopes can be 
used with both oil and fire-resistant hydraulic fluids. 
Choose a good pipe dope suitable to the fluid you are 
using, and apply it as recommended. 








TIPS FOR THE TROUBLE SHOOTER 


1. Be sure you COMPLETELY UNDERSTAND your 
system. A few minutes spent checking the system or read- 
ing instructions wiil save you hours, or even a shutdown! 


2. Be SYSTEMATIC in vour trouble shooting. 


3. Be THOROUGH, don’t take chances. Think every move 
through, a false move may shut your process down. 


4. Be sure to TELL THE OPERATOR that you are going 
to work on the control system. 
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B. Gaskets. Few gasket materials are suitable for oil 
and fire-resistant hydraulic fluids. Pick one that will 
meet the conditions at hand. Use a gasket material 
that is soft enough to allow some compression. It’s wise 
to use a material that has its fibers sealed. Then the 
fluid does not soak into the fibers and drop out from 
the ends. 


C. Pipe Fittings. For a first-class job, you will be wise 
not to install cheap or used fittings. Either one can be 
a continued source of trouble, due to bad thread, in- 
correct taper, weakness, etc. 

And remember, it will pay you to set up and stick 
with a good preventative maintenance program. 


SYSTEMATIC TROUBLE-SHOOTING 


You’ll get quicker, surer results by sticking to a 
systematic step by step procedure. If you don’t know 
where the trouble is, start at the beginning. 


lst. Using a pressure gage or manometer (depending 
on the pressure range involved), check to see if the 
pressure or differential is getting through to the signal 
system. The signal line(s) may be reversed, plugged, 
sealed with moisture, leaking, or broken. By install- 
ing a gage at point A (Figure 1), you can check the 








SYMPTOM: NOISY PUMP 


CAUSES CURES 

Be sure the oil reservoir is filled to 
normal level and that oil intake is 
below surface of oil. Check pump pack- 
ing, give and tubing connections, and 
all other points where air might leak 
into system. One good way to check a 
point on the intake side suspected of 
leakage is to pour oil over it. If the 
= noise stops, you‘ve found the 
eak 


Air leaking 
into system 








it oil level is low or return line to 
reservoir is installed above oil level, 
air bubbles will form in oil in res- 
ervoir. Check oil level and return- 
line position. 


Air bubbles 
in intake oil 





ee _ Check for clogged or restricted intake 
vacuum in a line, plugged air vent in reservoir. 
pump when it Check strainers in intake line. Oil 

viscosity may be too high. Check rec- 


poe ye | get ommendations. 





Check manufacturer’s maintenance in- 
structions first. Tightening every nut 
in sight may not be the way to stop 
leakage. Look for worn gaskets and 
packings; replace if necessary. There 
is usually no way to compensate for 
wear in a part; it is always better to 
replace it. Oil may be of improper 
grade or quality. Check recommenda- 
tions. 


Parts may be stuck by metallic chips, 
bits of lint, etc. If so, disassemble and 
clean thoroughly. Avoid the use of 
files, emery cloth, steel hammers, etc., 
on machined surfaces. Products of oil 
deterioration such as gums, sludges, 
varnishes, and lacquers may be cause 
of sticking. Use solvent to clean parts 
and dry thoroughly before reassembl- 
ing. If parts are stuck by corrosion or 
rust, they will probably have to be 
replaced. Be sure oil has sufficient 
resistance to deterioration and pro- 
vides adequate protection against rust- 
ing and corrosion. 


Loose or worn 
Pump parts 





Stuck pump 
vanes, valves, 
Pistons, etc. 








Filter and strainers must be kept clean 
enough to permit adequate flow. Check 
filter capacity. Be sure that original 
filter has not been replaced by one of 
smaller capacity. Use oil of quality 


Filter or strainer 
too dirty. Filter 








TROUBLE-SHOOTING CHART FOR HYDRAULIC CONTROL SYSTEMS 


line pressure. With a gage at point B, the pressure 
at the signal system can be observed. If you find a 
pressure difference, the lines should be blown down 
by means of blowdown valves C. This should blow out 
any loose dirt or moisture, or indicate that the line is 
plugged. If you find it is plugged, blow out the line 
with air or steam; if the plugging is not removed, you 
may have to open the line to find the location of the 
blockage. If moisture is your problem, you may have 
to change the slope of the line to drain the moisture 
back into the header. If this is impossible, a large drip- 
pot should be installed at the low point in the line. 


2nd. Next, check the hydraulic system. By installing 
a pressure gage at point D (Figure 1), you can observe 
the pressure before the amplifying relay. It should be 
within 5 to 10 psi of the pump pressure. If this pres- 
sure is low, the oil filter is plugged, or the line re- 
sistance is too high. If this pressure is satisfactory, 
then gages should be installed at point E to check 
pressure after the relay. If the relay consists only of 
a jet pipe, (Figure 2), the pressures should be 90% 
of inlet pressure when jet pipe is deflected to one side 
and then the other. A pressure of less than 90% shows 
a plugged or damaged jet pipe. If the relay is a booster, 
or 4-way valve (Figure 3), the pressure at E and D 








CURES 


Determine recommended speed. Check 
pulley and gear sizes. Make sure that 
no one has installed replacement motor 
with other than recommended speed. 


CAUSES 


Pump running 
too fast 





Pu out of 
ee with driving 
motor 


SYMPTOM: LEAKAGE AROUND PUMP 


Tighten packing gland or replace pack- 
ing. Trouble may be caused by abra- 
sives in oil. If you suspect this sort 
of trouble, canis a thorough check of 
points where abrasives may enter 
system. 


Usually it is better to have no —- 
on the suction side of the wan al- 
though it may be necessary. ith more 
than slight head, leakage may result. If 
head is not required and components 
can be rearranged, do so. Otherwise, 
don’t worry about. the leakage. Just 
wipe off the pump periodically, and, if 
feasible, install a drip pan. Don’t let 
oil leak onto floor! 


ment. Misalignment may 


Check ali 
y temperature variation. 


be caused 





Worn packing 





Head of oil 
on suction line 








SYMPTOM: OVERHEATING 


Check oil recommendations. If you’re 
not sure of viscosity of oil in system, 
it may be worth your while to drain 
the system and install oil of proper 
viscosity. Unusual temperature condi- 
tions may cause oil of pro per viscosity 
for “working temperature” to thicken 
too much on way to pump. In this 
case, use of oil with higher viscosity 
index may cure trouble. 


Oil viscosity 
too high 





Check for wear and loose packings. 
Oil viscosity may be too low. Check 
recommendations. Under unusual work- 
ing conditions temperature may ge high 
enough to reduce viscosity of recom- 
mended oil too much. Proceed with 
caution if you are tempted to try a 
higher viscosity oil. 


Internal leakage 
too high 





If oil viscosity is found to be OK, 
trouble may be caused by high setting 
of relief valve. If so, reset. 


Excessive dis- 
charge pressure 


Poorly fitted parts may cause undue 
friction. Look for signs of excessive 





Poorly fitted 











too small. 1 f 
high enough to prevent rapid sludge pump parts friction; be sure all parts are in 
formation. alignment. 

From Sun Oil booklet B4, through courtesy of B. M. Dunham, Technical Consultant, The Sun Oil Company, Philadelphia, Pa. 
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should be the same. If they are not, the jet-pipe stops 
could be incorrectly set, or the 4-way valve could 
be stuck. If the 4-way valve is stuck, remove and 
clean it so that it functions properly. 
3rd. Next, check the automatic shut-off valve or trans- 
fer valve by installing pressure gages after each com- 
ponent. 
4th. By now you should be as far as the power operator 
(cylinder). Several things can cause your trouble here. 
a. The throttle valve (for speed control) could be 
closed down too far. 
b. The shut off valves at the cylinder may be closed. 
c. Packing glands may be too tight. 
d. The control valve could be stuck. 
e. Pressure drop across the control valve could be 
too high. Here again, a pressure gage installed in each 
cylinder line at two points F (Fig. 1) will show you 
whether the pressure is getting to the cylinder or not. 
By disconnecting the cylinder from the control valve, 
you can tell whether the cylinder or the valve is the 
cause of your trouble. If the valve is free, slightly 
loosen the packing gland to see if the cylinder will 
operate. Check with gages F how much pressure differ- 
ential is required to move the cylinder. This should 


be less than 10% of the available oil pressure. Some- 
times, after long service, the piston rod will show wear 
at its usual operating point. If you tighten the packing 
gland at this point, it may be far too tight toward the 
end of the cylinder stroke, where there is little or no 
wear. In this case, you had better replace the rod. 

If you find the cylinder operates OK, your trouble 
may be that the pressure drop across the valve is 
too high. Check this by installing a pressure gage 
upstream at G (Figure 1) and downstream at A. This 
pressure drop (across the control valve) times the 
area of the valve seat (or disc) gives the force re- 
quired to move the valve. The oil pressure, times the 
cylinder piston area, less the rod area, gives the 
force from the hydraulic cylinder. This tells you if 
your cylinder has power enough to operate the con- 
trol valve. If the cylinder power is too low, you might 
be able to increase the oil pressure, or reduce the 
upstream pressure before the control valve. 


lll. Check the Auxiliaries, Too. 

Like other systems, a hydraulic control system has 
associated equipment for its operating fluid—hydraulic 
reservoirs, pumps, relief valves, and filters. A com- 
plete trouble-shooting chart for these auxiliary com- 
ponents is given below. 











CURES 


On any machine eq 7 “7 with an oil 
cooler, it is probable that high temper- 
atures are expected. If temperatures 
run high normally, they’ll go even 
higher if oil cooler passages are clogged. 
If you find a clogged cooler, Ey blow 
ing it out with compressed air. If this 
won’t work, try solvents. 


CAUSES 


Oil cooler 
clogged 





If the oil supply is low, less oil will be 
available to ony away just as much 
heat. This will cause a rise in oil 
temperature, especially in machines 
— oil coolers. Be sure oil is up to 
evel. 


SYMPTOM: PUMP NOT PUMPING 
Shut down immediately. Some types of 


Low oil 








Without, ca a p either a 
Pump shaft out caus: mage; others are 
cusnine in wrong designed to turn in one direction only. 
direction Check belts, pulleys, gears, motor con- 


nections. Reversed leads on 3-phase 
motor are commonest cause of wrong 
rotation. 





Check line from reservoir to pump. Be 
sure filters and strainers are not 
clogged. 


Be sure oil is up to recommended level 
in reservoir. Intake line must be 
below level of oil. 


Intake clogged 





Lew oil level 





If any air at all is going Lage = 
pump, it will probably be quite noisy. 
Pour oil over points suspected of 
leakage; if noise stops, you’ve found 
the leak. 


Air leak in 
intake 





Some pumps will deliver oil over a 
wide range of speeds; others must turn 
at recommended speed to give ap- 
preciable flow. Find out first the speed 
recommended by the manufacturer; 
then, with a speed counter if — 
check the speed of the pump. f speed 
is too low, look for trouble in driving 
motor. 


Pump shafi 
speed too low 








If oil is too heavy, some types of 
pumps cannot pick up prime. You 
can make a very rough check of 
viscosity by first getting some oil that 
is known to have the right viscosity. 
Then, with both oils at the same 
temperature, pour a quart of each oil 
through a small funnel. The heavier 
oil will take a noticeably longer time 
to run through. Oil that is too heavy 
can do _ great harm to _ hydraulic 
systems. Drain and refill with oil of 
the right viscosity. 


Oll too heavy 


Mechanical trouble is often accom- 
panied by a — that you can locate 
very oy. © # find it necessary to 
disassemble, iow the manufacturer's 
een omer Be min to the letter. 





Mechanical 
trouble (broken 


shaft, loose 
coupling, etc.) 





SYMPTOM: LOW PRESSURE IN SYSTEM 


CAUSES CURES 

If relief valve setting is too low, oil 
may flow from pump through relief 
valve and back to the oil reservoir 
without reaching point of use. To 
check relief setting, block discharge 
line beyond relief valve and check 
line pressure with pressure gi gage. 


Relief valve set- 
ting too low 





Look for dirt or sludge in valve. If 
valve is dirty, disassemble and clean. 
Stuck valve may be indication that 
system contains dirty or deteriorated 
oil Be sure, therefore, that oil has 
high enough resistance to deterioration. 


Relief valve 
stuck open 


Check whole system for leaks. Serious 
leaks in the open are easy to detect, 
but leaks often occur in concealed 
piping. One routine in leak testing is 
to install pressure gage in discharge 
line near pump and then block off 
circuit progressively. When gage pres- 
sure drops with gage installed at a 
given point, leak is between this point 
and check point just before it. 








Leak in system 








ay ol —. pel poy os 
jus yond relief valve no appreci- 
pon a or able pressure is developed and relief 
parts =) valve is OK, look for mechanical 

trouble in pump. Replace worn and 
broken parts. 








If open-center directional control valves 
are unintentionally set at neutral posi- 
tion, oil will return to reservoir with- 
out meeting any appreciable resistance 
and very little pressure will be de- 


Incorrect control 
valve setting; 
oil “short-cir- 





— > veloped. Scored control-valve pistons 
and cylinders can cause this trouble. 
Replace worn parts. 

SYMPTOM: ERRATIC ACTION 
First, check suspected part for mechan- 
ical deficiencies such as misalignment 
= 2 oo, worn pearne*. =. — 
loo or signs 0 r oil sludge 

Valves, pistons, varnishes and lacquers caused by oil 


etc.. sticking or deterioration. You can make up for 
binding mechanical deficiencies by replacing 
worn parts, but don’t forget that these 
deficiencies are often caused by the 


use of wrong oil. 


Sluggishness is often caused bv oil that 
is too thick at starting temperatures. 
If you can put up with this for a few 
minutes, oil may thin out enough to 
give satisfactory operation. But if oil 
does not thin out or if surrounding 
temperature remains relatively low. 
you may have to switch to oil with 
lower poe P — - hter viscosity, or, 
perhaps, highe nder severe con- 
ditions, A. Ay ‘heaters are some- 
times used. 





Sluggishness 
when a machine 
is first started 
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> The Swing to Electronic Control 


CLEARLY, the most outstanding 
new instrument trend of 1958 was 
the swing by four more major in- 
strument makers to electronic, solid- 
state industrial process control sys- 
tems. Why did this happen? Are 
there advantages in electronic in- 
strument systems not obtained in 
any other type? 


Many such questions are in the 
minds of instrument users today. 
Do these electronic systems provide 
as good control—or better? What 
about comparable costs—pneumatic 
vs. electronics? Can technicians 
trained in pneumo - mechanical in- 
struments service these new elec- 
tronic instruments? Does electronics 
sacrifice the reliability and safety 
of air-operated systems? 


In answer to these questions, mak- 
ers of the new electronic instruments 
claim these advantages. 


Flexibility: “A completely new ap- 
proach to control station design.” 
“Ratio or cascade controls obtain- 
able in a single instrument.” “Con- 
trol station mountable at any angle.” 
“The most diversified installations 
all use standard components.” 
“Measures full range of available 
thermocouples, resistance thermom- 
eter, radiation detectors, pH meters, 
tachometers, and process-stream an- 
alyzers.” “Outputs readily adaptable 
to data handling and computer sys- 
tems.” 


FOXBORO ELECTRONIC 


1. Transmitters and Transducers 


a. Types Offered. Three: 1. motion 
type, with local indication; 2. force- 
balance type; 3. all-electronic con- 
verter (mv to ma). 


b. Inputs Accepted. Motion type: all 
displacement elements — pressure, 
thermometer, level, etc., force-bal- 
ance type—differential pressures, 
flow, etc.; electronic converter—emf 
signals, thermocouples, resistance 
elements, pH, etc. 


c. Operating Principle. Motion type: 
differential transformers; force-bal- 
ance type: electromagnetic level sys- 
tem. 


d. Amplification. Magnetic amplifi- 
ers. 


e. Sensitivity. 0.05% of span; Accu- 
racy. 0.5% of span. 
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Accuracy: “Transducer has accuracy 
of %4% of span.” “Recorders have 
more pen-positioning power than 
. . . any pneumatic system.” “Note 
that transmitter zero is live.” “Of- 
fered with zero suppression 15 times 
the span... on the order of 75°F 
in 1000°F.” 


Speed of Response: “Instantaneous 
sensing and transmission.” “Elim- 
inates the problem of time lag in 
transmission.” 


Stability: “Less susceptible to shock 
and vibration.” “Avoids lags intro- 
duced by long runs of pneumatic 
tubing.” “Narrower proportional 
bands and faster reset rates are pos- 
sible due to faster response and 
higher sensitivity.” 


Reliability: “Eliminates problem of 
moisture, dirt, leakage, and freeze- 
up encountered with pneumatic tu- 
bing.” “Transistors with their char- 
acteristic long, trouble-free life, are 
used throughout.” “No cold weather 
problems.” 


Safety: “Sparkless disconnects built 
into all designs.” “Transmitter zero 
and span adjustable in field without 
breaking explosion-proof seal.” 
“Electric signal level is low enough 
for complete safety.” 


Serviceability: “No regular servic- 
ing is required.” “No special tools 
or experience are required.” “All 
controllers can be mounted in the 
protected atmosphere of the control 
room.” “All basic elements are plug- 


CONSOTROL SYSTEM 


in; can be slipped into place or re- 
moved without disturbing a single 
wired connection.” 


Foolproof Operation: “Going from 
manual to automatic, action is auto- 
matic—no meter reading required.” 
“Bumpless transfer... without man- 
ual watching of set point and proc- 
ess.” 


Auxiliary Functions: “High-torque 
servos permit retransmitting slide- 
wires and high-low alarm contacts.” 
“Cascade unit permits adjustment of 
high and low limits of secondary set 
point.” “Flow, pressure, etc., trans- 
mitters are used as inputs to the 
telemetering system.” 


Costs: “Total cost is comparable to 
—and final installation costs are less 
than —transmitter-type pneumatic 
equipment.” 


These random quotes from makers’ 
literature indicate that the new elec- 
tronic instrument systems are indeed 
feature packed! One _ conclusion 
seems safe: the decade-long debate— 
pneumatics vs. electronics—is over 
as far as these six instrument mak- 
ers are concerned. They’ve decided 
it takes both kinds of systems to best 
answer industrial control needs. 
(Five of them for years offered 
pneumatic instrumentation.) 


To help the reader to his own con- 
clusions, ISAJ reports in these six 
pages the basic features of the six 
electronic control systems now being 
marketed. 





f. Adjustments. Zero and span. 
g. Circuit required. Motion balance: 


2 signal wires plus 2 power; force 
balance: 2 signal wires; electronic 
converter: 2 signal wires plus 2 pow- 
er. 


h. Output. All types—10 to 50 ma 
de. Load Impedance — 600 ohms 
+10%. 


2. Controllers 


a. Inputs. Two: 0.4 to 2 ma de when 
no recorder is used; 10 to 50 ma de 
when a recorder is used. 


b. Operating Principles. Two types: 
flow controller; 2. universal con- 
troller. Input-current voltage-drop 
across a resistor is compared to an 
adjustable set-point voltage from a 
Zener diode circuit. Error signal 
combines with feedback signal and 


result is amplified to 10-50 ma out- 
put. 


c. Amplification. Flow controller— 
magnetic amplifier; universal con- 
troller—transistor amplifier. 


d. Control Modes. Flow controller: 
50 to 400% band, 1 to 30 seconds re- 
set; universal controller: 2 to 300% 
band, 0.01 to 25 minutes reset, and 
0 to 25 minutes rate time. 

e. Outputs. 10 to 50 ma de. 
Impedance. 600 ohms +10%. 
f. Auxiliary Functions. Cascade and 
ratio control, auto-selector, batch 
control. 


Load 


3. Indicators and Recorders 
a. Inputs. 10 to 50 ma de. 


b. Operating Principle. Input sig- 
nal positions pen directly with new, 
powerful d’Arsonval movement. (No 
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Figure 1. 
tee 





servomotor or amplifier.) Liquid 
dash pot damps noise. 

c. Number Pens. One and two. 

d. Chart. Length 50 ft. width 4 in. 


e. Accuracy: +0.5% of scale, Sensi- 
tivity: 0.05%. 


f. Auxiliary Functions. 6-month ink 
supply. 


PLUG-IN TO PLUG-IN! Challenged by recent 
g P atic plug-in construction, designers of 
the new electronic systems have gone all out for quick- 


4. Power Supplies 

Separate power loads required by 
motion transmitters and_ electric 
transmitters (total of 4 wires). No 
power required for force-balance 
transmitter (only 2 wires needed). 
Power supply required to both con- 
troller models. No power required 
for recorder (2 wires only). 
5. Manual-Automatic Transfer 
a. Operating Principle. Manual con- 





change modular packaging. Here, Foxboro 3-mode con- 
trol chassis plugs into Consotrol controller (left photo) 
which, in turn, plugs into its case (right). 


trol signal obtained from a variable 
reactor for non-arcing adjustability. 


b. Location. Either in front of con- 
trol unit or separately mounted. 


c. Transfer Procedure. Manual-Bal- 
ance-Automatic positions. In “bal- 
ance” position, automatic and man- 
ual circuit outputs are matched for 
bumpless transfer. 


LEEDS & NORTHRUP MINIATURE ELECTRONIC CONTROL SYSTEM—— 


1. Transmitters and Transducers 


a. Types Offered:Two: 1. emf to 
ma type; 2. motion to ma type. 

b. Inputs Accepted. Emf type, 5 mv 
min. to 60 mv max. de. Minimum 
span (5 mv) can be located any- 
where in 60 mv range, i.e. 12 to 1 
suppression. Source impedance 2000 
to 10,000 ohms. Motion type, 0-15 to 
1-10,000 psi with mechanical over- 
range protection; 0-20 to 0-200” H.0, 
and up to 50psi using Barton bodies; 
level, any standard Fisher, Mason- 
Neilan or BS & B float element. 





Figure 2. TYPIFYING FLEXI- 
BILITY OF ELECTRONIC SYS- 
TEMS—is this schematic of 
Leeds & Northrup’s new con- 
trol system. A wide variety of 
transducers measure and trans- 
mit the whole gamut of process 
variables. Then, by selection of 
standard P ts, are avail- 
able one, two, or three mode 
control, indicating or recording 
display, transfer, integration, 
ratioing and cascading — the 
full realization of the ‘‘build- 
ing-block”’ principle. 








c. Operating Principle. Emf type: 
chopper and feedback stabilized a-c 
amplifier, demodulator and filter. 
Motion type: motion positions sens- 
ing element which changes output 
of oscillator and amplifier, with out- 
put fed back to get null balance. 

d. Amplification: Completely tran- 
sistorized. 


Transmitters 


Press Diff Press. 
iz dP 


1-5 ma DC 


Recorder input From 
Second Transmitter 
it Desired 


End Operator 


Final Element 
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e. Sensitivity and Accuracy. For emf 
transmitter, 0.02% and + 0.2% of 
span; pressure transmitter, 0.1% and 
+0.6%; other types, 0.2% and 
+1.0% (SAMA test code). 

f. Adjustments. Emf type: range 
change by replaceable range card; 
“regulated” reference junction trim- 
mer, and zero suppression bridge. 


Recorder Unit 
(lor 2 Pen) 
or 
Indicator 
lor 2 Pen 


Auto-Manual Statior 
Output indicator 


Gan) — = 
Www Ww 
a Fi Mon 
___|_Gontrotter_ Output = ___ 
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Motion type: zero and span (2:1) 
field changed without breaking ex- 
plosion-proof seal. Specific gravity 
mechanism adjustable from 0.4 to 
1.4 sp gr. 

g. Circuits Required. Two unshield- 
ed signal wires; 107 to 127 v 60c 
power. 

h. Output. 1 to 5 ma de (0 to 4 ma 
for data handling and computers). 
Note that zero is “live”. Load Im- 
pedance. 2500 ohms max. 


2. Controllers 

a. Operating Principles. Difference 
between set-point and transmitter 
signals (error) is modulated, ampli- 
fied, and demodulated for feedback 
and output. Current limiting of d-c 
output stage prevents “reset wind- 
up.” 

c. Amplification. Vacuum tube input 
to transistor amplifier. 

d. Control Modes. Proportional band: 
0 to 300%; reset rate: 0 to 100 re- 
peats/min, in steps; rate time: 0 to 
8 min. 

e. Outputs. 1 to 4 ma de. Load im- 


MANNING, MAXWELL & MOORE MICROSEN CONTROL SYSTEM 


TRANSMITTING 
POTENTIOMETER 





pedance. 3000 ohms either or both 
sides of ground. 

f. Auxiliary Functions. Ratio con- 
trol. Cascade control with adjustable 
limiting of secondary-variable set- 
point. Spark-proof disconnects. 


3. Indicators and Recorders 

a. Inputs. 1 to 5 ma de (or 0 to 4 
ma dc). 

b. Operating Principles. High torque 
servomechanism, with null-balance 
potentiometer amplifier using long- 
life vacuum tubes. 

c. Number Pens. One or two, each 
with separate servodrive and ampli- 
fier. 

d. Chart Width and Length. 4 inch- 
es; 3l-day supply at 1”/hr. 

e. Accuracy: +1% of scale, Sensi- 
tivity: 4%. 

f. Auxiliary Function. Sparkproof 
disconnects on plug-in chassis. Hi- 
low Hg alarm switches. Retransmit- 
ting slidewire. 


4. Power Supplies 
All power supplies are internal to 
each unit. External regulation not 


Figure 3. A WHOLE NEW GAMUT OF CONTROLLED VARIABLES—is 
measureable by these new systems using Electrical Transmitters which 
handle thermocouples, resistance thermometers, radiation units, pH, tacho- 
meters, strain gages, analyzers—anything convertible to a current or voltage. 
Typical is this Manning, Maxwell & Moore Transmitting Potentiometer. 
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required unless supply voltage ex- 
ceeds 107 to 127 volt limits. All 
transmitters require a power supply. 
(Total of 4 wires). 


5. Manual-Automatic Transfer 


a. Operating Principle. Manual con- 
trol signal furnished by integral 
regulated power supply. 

b. Location. M-A station chassis 
plugs into bottom of recorder-con- 
troller case. Sparkless disconnects 
available. 


c. Transfer Procedure. In “automat- 
ic,” controller output goes through 
output meter to control valve. In 
“balance”, controller output goes to 
valve only, and M-A station output 
goes to meter and through a dummy 
load, which is adjusted to match 
valve load. In “manual”, station out- 
put goes through meter to valve. 
Going from “manual” to “automatic” 
balancing is automatic; no meter 
reading required. 

If station is unintentionally un- 
plugged while in “manual”, system 
automatically switches to “automat- 


sm? 


ic’ without bump. 





1. Transmitters and Transducers 

a. Types Offered. Two: 1. mechan- 
ical-force types (pressure, level, 
etc.) ; 2. electrical type (voltage, cur- 
rent, thermocouples, etc.). 

b. Inputs Accepted. Mechanical- 
force type: vacuum to 50,000 psi; 
differential pressure, 0-20” to 0- 
200” H.O. Electrical type: thermo- 
couple, —100 to 3000°F; resistance 
thermometer bulbs, —20 to 1300°F; 
voltage (pH, analyzers, tachometers, 
etc.), 10 mv to 6 volts dec; strain 
gages, internal excitation supplied 
up to 50 volts for gage resistance up 
to 1000 ohms. 

ce. Operating Principle. Change of in- 
put moves electromagnetic force- 
balance beam, changing tuning of 
oscillating amplifier forming one 
arm of Wheatstone bridge. Bridge 
output, which is transmitted signal, 
is partially fed back to rebalance 
beam. In mechanical-force types, 
pressure elements (etc.) act on 
beam to produce initial unbalance; 
in electrical types, input coil pro- 
duces initial unbalance force on 
beam. 

d. Amplification. Vacuum tubes. 

e. Sensitivity. 0.1%; Accuracy. + 
0.5%. 

f. Adjustments. Mechanical zero and 
electrical span. Potentiometer trans- 
mitter has electrical zero and me- 
chanical null. Adjustments available 
from outside on some explosion- 
proof models. 
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g. Circuits Required. Two wires for 
signal; two for a-c power supply. 
h. Output. 1.0 to 5.0 ma dec. Load 
Impedance. Maximum of 3000 ohms 
permits transmission up to 30 miles 
without additional amplification. 


2. Controllers 

a. Inputs. 1.0 to 5.0 ma de. 

b. Operating Principles. Input and 
set-point signals are compared by 
force-balance beam. Difference (er- 
ror signal) moves beam, varying 
current through power amplifier, 
which also is feedback to rebalance 
beam, and output to control-valve 
actuator. 

c. Amplification. Power amplifier 
uses 2 transistors; feedback ampli- 
fier uses dual vacuum tube. 

d. Control Modes. Offered in one, 
two, or three mode models. Propor- 
tional band: 2 to 200%; reset rate: 


MINNEAPOLIS-HONEYWELL ELECTRONIK TEL-O-SET SYSTEM 


1. Transmitters and Transducers 

a. Types Offered. Four: 1. mv to ma; 
2. differential pressure to ma; 3. 
process pressure to ma; 4. mv to air 
pressure (3 to 15 psi). Mv to ma and 
ma to air units permit signal inter- 
change between electric and pneu- 
matic instrument systems. 

b. Inputs Accepted. Any normal 
process variable —pressure, flow, 
level, etc.; any d-c voltage (usual 
range 2.5 to 100 mv)—analyzers, 
load cells, tachometers, radiation 
heads, etc. 

c. Operating Principle. Position sig- 
nal balanced with force beam. 

d. Amplification. Transmitter fully 
transistorized. 

e. Accuracy: %% for process vari- 
ables; %% for mv to ma. 

f. Adjustments. Span and zero. 

g. Circuit required. Two wires only; 
no power source required at process- 
mounted units. 

h. Output. 4 to 20 ma de. Load Im- 
pedance. 0 to 1200 ohms for mv to 
ma types; 0 to 800 ohms for others. 


2. Controllers 

a. Inputs. 4 to 20 ma de. 

b. Operating Principles. +10 volt 
error signal, developed by current 
balance between set point and proc- 
ess signals, is amplified by control- 
ler to 4 to 20 ma d-c output. 

c. Amplification. Vacuum tubes. 

d. Control Modes. Available in two 
models: two-mode, with 0 to 300% 
band and 0.1 to 100 repeats/min; 
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0.05 to 5.0, or 0.005 to 0.5 min/repeat; 
rate time: 0.05 to 5.0, or 0.005 to 
0.5 min. 

e. Outputs. 1.0 to 5.0 ma de. Load 
Impedance. up to 3000 ohms. 

f. Auxiliary Function. Ratio and cas- 
cade amplifiers. 


3. Indicators and Recorders 

a. Inputs. 1.0 to 5.0 ma de. 

b. Operating Principle. Input unbal- 
ances force-balance beam, changing 
oscillator-coil tuning. Amplified, this 
actuates rotory-solenoid pen motor. 
Calibrated spring on pen arm feeds 
back to rebalance beam. 

c. Number Pens. One or two. 

d. Chart Width and Length. 3 inches 
wide; 63 feet long—30 day supply 
at 1”/hr. Charts rectilinear for easy 
reading. 

e. Accuracy: +0.5% of span. Sensi- 
tivity: 0.2%. 


three-mode, same plus 0 to 8 min. 
rate action. 

e. Outputs. 4 to 20 ma de. Load Im- 
pedance. 0 to 1500 ohms. 

f. Auxiliary Functions. Cascade and 
ratio control. 


3. Indicators and Recorders 

a. Inputs. 4 to 20 ma de. 

b. Operating Principles. Force bal- 
ance, with transistor servoamplifier. 
c. Number Pens. One or two. 





Figure 4. TRANS- 
MITTERS TAKE ON 
NEW LOOK. Sim- 
ple, clean and rug- 
ged is this Minne- 
apolis - Honeywell 
pressure - to - current 
transmitter. It’s ex- 
plosion - proof case 
(top) makes it use- 
able in any process 
area. Its electrical 
force-balance beam 
principle is explain- 
ed in lower diagram. 


PROCESS 


PRESSURE 











4. Power Supplies 

Power supplies are integral with 
all units except pressure-type trans- 
mitters. Controllers and potentiom- 
eter transmitter require separate 
voltage-regulating transformers to 
achieve rated accuracy. 


5. Manual-Automatic Transfer 

a. Operating Principle. Regulated 
source of de is varied from 1.0 to 
5.0 ma to produce manual-control 
signal. 

b. Location. Two models: 1. plug-in 
unit adjacent to recording or indi- 
cating receiver; 2. self-contained unit 
for use without controller. 

c. Transfer Procedure. A three-posi- 
tion switch—“manual”, “read”, “au- 
tomatic”—permits exact prematching 
of manual station output to produce 
bumpless transfer. 





d. Chart Width. 4 inches; speed *4”/ 
hr. 

e. Accuracy. +0.5%. 

f. Auxiliary Functions. Milliamme- 
ter type indicator also offered. Fully- 
adjustable ratio or cascade offered 
in either 1- or 2- pen models. 


4. Power Supplies 

Field-mounted transmitter power- 
ed over same two wires that carry 
signal from 42-volt d-c power sup- 





INDUCTOR 


COIL- MAGNET 
JNIT 
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ply in each receiver. Often, a com- 
mon return from grouped transmit- 
ters can further simplify wiring. 


5. Manual-Automatic Transfer 


a. Operating Principle. Source of 


SWARTWOUT AUTRONIC CONTROL SYSTEM 


1. Transmitters and Transducers 


a. Types Offered. Five: 1. motion 
type; 2. a-c current to a-c signal 
converter; 3. d-c volts to a-c signal; 
4. thermocouple emf to a-c signal; 
5. resistance thermometer bridge. 


b. Inputs Accepted. Motion type: 
differential pressure 0-20 to 0.200” 
H.O; pressure 0-40 to 0-5000 psi, 50% 
zero suppression; float-type liquid 
level, and other variables. Ac to ac 
converter: strain gage mv from 0-5 
to 0-100 ac. De to ac converter: 1.5 
to 0-100 ma de from tachometers, 
pH, analyzers, etc. Thermocouple 
converter: spans 2 to 50 mv; range, 
0-3000°F. Resistance thermometer 
type: 50° to 700°F, with 100°F min. 
span. 


c. Operating Principle. Motion type: 
differenital transformer. Ac to ac 
converter: two stage a-c amplifier, 
which supplies internal strain-gage 
bridge voltage. De to ac converter: 
magnetic converter changes direct 
current input to proportional a-c 
signal. Thermocouple converter: 
chopper, a-c amplifier, phase-sensi- 
tive rectifier and standard cell. Re- 
sistance thermometer type: platinum 
resistance element is one leg of 
bridge. 
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Figure 5. LATEST ELECTRONIC DESIGN TECHNIQUES 
—printed circuit cards and plug-in modules are used in 
Swartwout’s Autronic Controller. 
plugs into rear of recorder (left photo). And four ampli- 


Whole control unit 


manual control signal is regulated 
adjustable power supply. 

b. Location. M-A station is part of 
recorder. 


c. Transfer Procedure. Auto. to Man.: 
balance switch is thrown, valve- 





position indicator is centered with 
“manual” knob, and transfer switch 
thrown to “manual” without a bump. 
Man. to Auto.: no adjustment need- 
ed; controller automatically follows 
manual control at all times. Switch- 
over accuracy better than +0.5%. 





d. Amplification. Motion and resist- 
ance-bridge transmitters: none. 
Other transmitter: 1 to 3 vacuum 
tubes. 


e. Sensitivity and Accuracy. Motion 
transmitters: 0.005% and 0.5%. Ac 
to ac converters, 0.01% and 0.5%. 
De to ac converter, 0.1% and 0.25%. 
Thermocouple converter, span accu- 
racy 0.5%, suppression accuracy 
0.1%, reproductibility 0.25%. Re- 
sistance thermometer infinite, ac- 
curacy 0.1%. 


f. Adjustments. Zero, coarse span, 
and fine span. Thermocouple con- 
verter and resistance thermometer 
range change by easily-exchanged 
range cards. 

g. Circuits Required. Two wires for 
signal; two for power, which must 
be same source as receiver to assure 
proper phase relationship. 

h. Output. 0 to 0.5 volts ac. Load 
Impedance. De to ac converter 2500 
to 12,000 ohms; all other types one 
megohm or more. 


2. Controllers 


a. Inputs. 0 to 0.5 volt ac. 

b. Operating Principles. Input is 
compared in a-c amplifier to set- 
point signal from differential trans- 


former in associated indicator or 
recorder. Any error signal is ampli- 
fied and converted into the d-c sig- 
nal which positions the control- 
valve actuator. 


c. Amplification. Two or three vacu- 
um tubes used. 


d. Control Modes. Proportional Band: 
2.6 to 200% in 12 steps; reset rate: 
0.03 to 120, or 0.1 to 380 repeats/ 
min in 22 steps; rate time: 0.003 to 
10 minutes in 21 steps. All above ac- 
tions (except manual) are printed 
plug-in circuit cards. 


e. Outputs. 1 to 5 ma de. Load Im- 
pedance. 12,000 ohms. 


f. Auxiliary Functions. Ratio Con- 
trol Adapter. Control-Motor Adapter 
permits positioning of reversible, 
motor-driven valves, etc. Over-ride 
adapter selects controller outputs 
for presently-critical variable. 


3. Indicators and Recorders 
a. Inputs. 0 to 0.5 volt ac. 


b. Operating Principles. Transmitter 
signal compared to signal from dif- 
ferential transformer driven by pen. 
Difference is amplified, rectified, and 
drives solenoid pen motor to null. 


c. Number Pens. One or two, each 





fier modules plug into rear of controller (right): propor- 
tional-reset unit (lower left), rate unit (lower right), 
power amplifier (upper left), and error amplifier being 
inserted. 
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with separate amplifier and pen 
motor. 

d. Chart. 3” width, 75 ft length (31 
days at 1”/hr). Speeds: 1”/day to 
4” /min. 

e. Accuracy: +%% of scale. Sensi- 
tivity: 0.1% or better. 


4. Power Supplies 
Exitation voltage for transmitter 


TAYLOR ELECTRONIC 


1. Transmitters and Transducers 

a. Types Offered. Two: 1. a-c trans- 
mitter for motion-producing measur- 
ing elements; 2. d-c transmitter for 
electrical inputs. 


b. Inputs Accepted. A-c type: pres- 
sure 12 to 2000 psi; differential pres- 
sure and level 50 to 200” H.O. D-c 
type: thermocouples, pH, tacho- 
meters, etc., 0-3 to 0-50 mv de, and 
resistance thermometer. 


c. Operating Principle. A-c type: 
differential transformer. D-c type: 
chopper and amplifier electronic 
balancing—no batteries, standard 
cells or moving parts. 


d. Amplification. A-c type: no am- 
plification. D-c type: current feed- 
back, 3 amplifier tubes, 2 voltage- 
reference tubes, and 2 rectifier tubes. 


e. Sensitivity. Less than %4%. Ac- 
curacy. +%%. 


f. Adjustments. A-c type: fine and 
course; span adjustable 4:1; zero ad- 
justable 75% of span. D-c type: fine 
and coarse: span adjustable 2 to 50 
mv; zero, —10 to +40 mv. 


g. Circuits Required. A-c type: 4 
wires plus shield; D-c type; 2 signal 


differential transformers supplied 
from same external source as other 
Autronic units: requires 4 wires to 
transmitters. 


5. Manual-Automatic Transfer 


a. Operating Principle. Precision 
potentiometer provides 1 to 5 ma 
de from self-contained power supply 
for manual valve positioning in- 


dependent of receiver or controller. 
b. Location. Two models: 1. plug in 
above receiver unit; 2. separate, 
panel-mounting. 

c. Transfer Procedure. Automatic to 
manual requires prematching to 
controller output. Manual to auto- 
matic uses special tracking circuit 
which continuously resets controller 
to manual setting: bumpless transfer 
with no balancing by operator. 





CONTROL SYSTEM 


wires plus a-c power supply. 


h. Output. A-c type: 0 to 200 mv ac. 
D-c type: 1 to 5 ma de. Load Imped- 
ance. A-c type: min. 0.5 meg. D-c 
type 0 to 10,000 ohms. 


2. Controllers 


a. Inputs. A-c system: 0 to 200 mv 
60c. D-c system: 1 to 5 ma de. 


b. Operating Principles. A-c type 
controller compares transmitter 
signal to signal from set-point dif- 
ferential transformer. Error is am- 
plified and converted to dc. D-c type 
controller compares’ 6-to-30-volt 
signal from electrical transmitters to 
d-c reference voltage, and amplifies 
and converts error signal to de. Con- 
troller is quickly changed from a-c 
type to d-c type. 


c. Amplification. D-c vacuum tube 
amplifier with silicon diode power 
supply. Diode limiter prevents “re- 
set windup”. 


d. Control Modes. Proportional band: 
0.05 to 25%; or 0.5 to 250% in 3 db 
steps. Reset rate: 0.5 to 300; or 0.05 to 
30 repeats per minute in 3 db steps. 
Rate time: 0.0016 to 24 min in 4 db 
steps. 


e. Outputs. 1 to 5 ma de. Load Im- 
pedance. 0 to 10,000 ohms. 


3. Indicators and Recorders 


a. Inputs. 1 to 5 ma de; 0.25 to 1.25 
volts de; 0 to 200 mv ac. 


b. Operating Principles. Servomotor 
balance powered by transistor am- 
plifier, with silicon-diode power 
supply. 

c. Number Pens. One. 

d. Chart Width and Length. 4 inches; 
30-day supply at 1”/hr. 

e. Accuracy: + %% of scale. Sensi- 
tivity 0.2%. 


4. Power Supplies 

All power supplies are internal to 
each unit. No external power is re- 
quired for motion-type transmitters. 


5. Manual-Automatic Transfer 


a. Operating Principle. Diode stabi- 
lized d-c supply, with 1 to 5 ma 
meter and manual control adjusting 
potentiometer. 

b. Location. M-A chassis plugs into 
top of recording-controlling re- 
ceiver. 

c. Transfer Procedure. In transfer 
from manual to automatic, matching 
is automatic, no operator adjust- 
ments. 





Figure 6. A-C 


transmitter inputs. 





to D-C 
CHANGEOVER — is quickly 
done in Taylor's electronic 
controller. Exchange of plug- 
in chassis in rear of control- 
ler converts it to d-c or a-c 
Note 
“output test’? jack for fast 
easy performance checking. 
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> SOCIETY NEWS -— 


Instrument-Instrumentation = Or, What’s in a Name Change 








During the past few years, there 
has been a great deal of discussion 
about the adequacy of the Society’s 
name. Some members feel that the 
name is confusing to persons out- 
side the Society and that it does 
not clearly describe what the So- 
ciety is. Other members feel that it 
would be unwise to abandon the 
Society’s large investment in its 
present name. 


The Society Structure and Plan- 


to the Executive Board this modifi- 
cation: 
(1) The Society name be changed 


strument” with “instrumentation.” 
(2) The Society initiate an edu- 
cational program within its mem- 





ning Committee has recommended 


simply by replacing the word “in- matter and provide the Executive 


appear below. 


bership and without to better define 
the scope of our field of activity 
and the meaning of the word “in- 
strumentation.” 

(3) The Society expend every ef- 
fort increasing the stature of such 
classifications as Instrument Me- 
chanic, Instrument Designer, or In- 
strumentation Engineer so they may 
achieve the same recognition in in- 
dustry as similar classifications in 
oher associated fields. 

The Executive Board ordered that 
this recommendation be publicized 
throughout the Society in order to 
obtain the opinion of members. 
Members are urged to discuss this 


Board with feedback. 
The opinions of leading members 








Mifflin S. Jacobs 
M. S. Jacobs & Associates 

“Instrumentation Society of Amer- 
ica! Well, it is a new ‘handle’ not 
too different from the old—still 
maintaining the ISA. I have never 
had any feeling that the name 
should be changed at all. 

“There was too much thought giv- 
en to the name years ago and now 
too much tradition behind the in- 
itials ISA to change this form. 

“The service we render to our 
members is much more important 
than the ‘handle.’ 

Robert T. Sheen 
President, Milton Roy Co. 

“Since the word ‘instrument’ in- 
cludes musical instruments, we in- 
variably find that some explanation 
of just what kind of society we are 
is necessary when speaking publicly 
and outside of our immediate So- 
ciety circle. 

“Our Structure and Planning Com- 
mittee has recommended a change 
to ‘Instrumentation Society of Amer- 
ica.’ I believe this recommendation 
is sound and should be enthusiastic- 
ally supported by the membership. 
I am furthermore confident that it 
will solve our public relations prob- 
lem in clarifying the exact meaning 
and objectives of our Society.” 
Harry Moore. 

Esso Research and Engineering 

“T just cannot become very ex- 
cited about such a small change in 
name. To some of us old-timers who 
lived through the discussion of the 
first name selection, the change is 
logical—note in the original consti- 
tution the need to refer to ‘checks 
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and similar instruments.’ The new 
name should also keep us from be- 
ing confused with saxophone artists 
—I hope.” 


J. T. Vollbrecht 
President, Energy Control Co. 

“The field of measurement, com- 
putation and control is rapidly gain- 
ing recognition as one of the major 
progressions. The Society ... de- 
serves a name that is instantly re- 
cognized as descriptive of its entire 
breadth and scope. 

“The word Instrument is too nar- 
row when applied to the field as a 
whole. 

“Although I am not entirely sat- 
isfied with the name Instrumenta- 
tion’ Society of America, this seems 
to be the only name submitted up 
to the present time that might pos- 
sibly suit our purposes.” 


Ralph Webb 
Union Carbide Olefins Co. 

“Webster gives us little choice be- 
tween these two words—instrument 
and  instrumentation— yet usage 
among engineers and scientists cer- 
tainly has trended steadily in prefer- 
ence of the second. We find that 
as our problems, our devices, and 
our systems become more sophisti- 
cated, we inclined away from the 
term that implied the single, per- 
haps simple, device and more and 
more adopted the broader and more 
inclusive one—instrumentation. 

“It seems logical that our Society 
should likewise trend toward the 
use of the broader word and become 
known as the Instrumentation So- 
ciety of America.” 


W. G. Brombacher 

“What is in a name! The name 
of a society should be short, and be 
reasonably indicative of its objec- 
tives and scope. Permanence is de- 
sirable and has a prestige value. Our 
present name does not include spe- 
cifically many of our fields of in- 
terest nor can it without awkward- 
ness and dullness in expression. Sub- 
stituting instrumentation for instru- 
ment in our name hardly adds any- 
thing significant, nor does keeping 
the present name in any way limit 
our activities. The old man says, 
‘Let’s stay put.’” 


Albert F. Sperry 
President, Panellit, Inc. 

“Frankly, I can find very little 
enthusiasm either for or against the 
suggestion. I thought there might 
be some sense to it if the Society’s 
name were changed to include the 
word ‘Control.’ There are many peo- 
ple who just do not realize that 
instrumentation includes control. 

“Frankly, I think the name ISA 
is now so well established and has 
such a good reputation, it wouid 
be a mistake to meddle with it.” 


Robert J. Jeffries 
Data Control Systems, Inc. 

“The name of any organization 
should clearly define the group or 
its objectives. An appropriate name 
for our Society is the first step 
toward a broader understanding and 
appreciation of our field of interest. 
I believe it imperative that the So- 
ciety name be changed if it is to 
realize its fullest potentialities. I am 
heartily in favor of the proposed 
name if a concurrent and deep-seat- 
ed campaign of public education to 
define what “instrumentation” is can 
be implemented.” 


Floyd E. Bryan 
Douglas Aircraft Co. 

The name change committee “re- 
commended that the word Instru- 
mentation, (the combination of de- 
vices to accomplish work) be used 
in the Society name instead of the 
word Instrument (that by which 
work is performed or anything ef- 
fected.) 

“The word Instrumentation, even 
in its narrowest definition, includes 
all of the areas in which our Society 
is interested while all other words 
suggested as substitutes in a pos- 
sible new name (i.e., control, auto- 
mation, etc.) are too narrow in their 
denotation.” 
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Notice of Nominating Committee Meeting 


(1) The National Nominating Com- 
mittee will meet Monday, March 
23, 1959, at the Palmer House, 
Chicago, Illinois, at 9:30 a.m. On 
the above date, the National Nom- 
inating Committee will meet to 
nominate a President-elect, Secre- 
tary, two Departmental Vice Pres- 
idents, one to become Vice Pres- 
ident of the General Relations De- 
partment and the other Vice Pres- 
ident of the Industries Depart- 
ment. These two vice presidents 
are to succeed Mr. Philip A. 
Sprague and Dr. Ralph Tripp re- 
spectively. 


During the morning session, start- 
ing at 9:30, time will be allotted to 
members of the Society who wish 
to appear before the Nominating 
Committee in behalf of any candi- 
date, for any of the vacant offices, 
whose name has been submitted 
prior to February 23, 1959, through 
the member of the National Nom- 
inating Committee from your dis- 
trict (see list below). 


The Nominating Committee wel- 
comes suggestions and help from 
members in selecting men for those 
three offices who: 





(a) they deem deserving of the high 

honor of national office; 

(b) are capable of fulfilling the 

heavy duties thereof; 

(c) most likely to uphold and carry 

forward the ideals, policies and tra- 

ditions of ISA. 

(2) We invite all members to sub- 
mit names for possible candidates 
for the above offices by February 
23, 1959. These names must be 
submitted to your nominator by 
the deadline date so they will be 
received by the entire National 
Nominating Committee well in ad- 
vance of the Nominating Meeting. 

(3) If you cannot be at the meeting 
in person, we welcome any back- 
ground material you can send by 
mail, or personally through your 
nominator, which you feel might 
be of help to the nominator of 
your district. 

(4) At 12:00 noon, the open session 
will terminate and, immediately 
after lunch, the Nominating Com- 
mittee will retire to a closed meet- 
ing to select candidates. 

Candidates names will be an- 
nounced in the July ISA Journal. 
Robert T. Sheen 

National Nominating Committee 


Nominating Committee for 1959 


Past Chairman Warren H. Brand, 
vice president, Conoflow Corp., 
2100 Arch St., Philadelphia, Pa. 

Chairman Robert T. Sheen, presi- 
dent, Milton Roy Co., 1300 E. Mer- 
maid Lane, Philadelphia, Pa. 

Vice Chairman Justus T. Vollbrecht, 
president, Energy Control Co., 5 
Beekman St., New York 38, N. Y. 

District I Nominator D. C. Sanford, 
166 Lanyon Dr., Cheshire, Conn. 
Alternate L. E. Slater FIER, 527 
Lexington Ave., New York 17, 
N. Y. 

District If Nominator P. M. Fleming, 
6 Van Dyke Dr., Wilmington 3, 
Del. Alternate R. C. Kimball, 
American Viscose Corp., 35 S. 9th 
Philadelphia 7, Pa. 

District III Nominator E. M. Sea- 
grave, Jr., 811 Hillside Ave., Char- 
lotte, N. C. Alternate J. R. Ma- 
honey, 118 Tabor Rd., Oak Ridge, 
Tenn. 

District IV Nominator M. S. Jacobs, 
M. S. Jacobs & Assoc., 810 Nobles- 
town Rd., Pittsburgh 5, Pa. Alter- 
nate G. L. Kellner, 155 Woodcrest 
Blvd., Buffalo 23, N. Y. 
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District V Nominator W. C. Trethe- 
wey, 969 W. Church Rd., Newark, 
Ohio. Alternate C. L. Roberson, 
Route 3, Newark, Ohio. 

District VI Nominator R. A. Hoxie, 
Basic Service Corp., 16544 Ply- 
mouth Rd., Detroit, Mich. Alter- 
nate J. R. Riede, 103 Lake Ave., 
White Bear Lake, Minn. 

District VII Nominator E. R. Evans, 
3425 Cloer Ave., Fort Worth, Tex. 
Alternate J. H. Park, P. O. Box 
2637, Houston 1, Tex. 

District VIII Nominator C. R. Hor- 
ton, Research Controls, Box 5035, 
Tulsa, Oklahoma. Alternate E. W. 
Zurow, 1613 Meredith Dr., St. 
Louis 23, Mo. 

District IX Nominator D. J. Pompeo, 
842 Cleveland St., Oakland 6, Cal. 
Alternate C. B. Nolte, Barton Inst. 
Corp., 580 Mont. Pass Rd., Mont. 
Park, Cal. 

District X Nominator J. L. More, 
Dominion Tar & Chem., 1400 Met- 
calfe St., Montreal, Quebec, Can- 
ada. Alternate G. M. Hicks, 1488 
Miller Dr., Sarnia, Ontario, Can- 
ada. 





Dr. Cuthbert C. Hurd (left) president of 
the Foundation for Instrumentation Edu- 
cation and Research, accepts from ISA 
past president Dr. Robert J. Jeffries, a 
check for $37,081, representing the sur- 
charge on exhibit space at the annual 
ISA Show contributed each year by ISA 
exhibitors to FIER. Presentation was at 
the annual ISA Banquet in Philadelphia. 


Employment Service 
Success Reported 


ISA is doing an effective job, 
through its employment service 
headed by James Waldron, of locat- 
ing employment opportunities for 
skilled instrument people. 

Following is the report of the 
employment register that operated 
at the Annual Conference and Ex- 
hibit in Philadelphia during the 
week of Sept. 15, 1958: 

Jobs listed: approximately 1500. 

Companies using service at booth: 
168. 

Applicants: 85 

Contacts arranged at show: 210 

Agents and manufacturers using 
service: 43. 

Since the employment service 
rarely hears from applicants until 
after a job placement, there is no 
definite information as to the num- 
ber of placements, but it is esti- 
mated that about 15 applicants had 
already accepted job offers by the 
end of September. 

Among the companies using the 
Employment Service were Esso Re- 
search; Standard Oil of Indiana; 
Chance Vought Aircraft; I.B.M.; Wy- 
andotte Chemical Co.; Kimberly 
Clark Co.; North American Avia- 
tion; Bell Telephone Labs.; Leeds & 
Northrup; Thompson-Ramo-Woold- 
ridge Corp.; Manning, Maxwell and 
Moore; and National Bureau of 
Standards. 


81 











Executive Director Kushnick 


Members of the 
Army Advisory 
Committee on Ci- 
vilian Personnel 
Management 
shown with Secre- 
tary of the Army 
Wilbur M. Bruck- 
er are (I. to r.) Carl 
H. Hagerman, Wil- 
liam Kushnick, 
Robert D. Blazier, 
Secretary Brucker, 
John A. Stephen, 
Carroll E. French. 


ISA’s Executive Director, Bill 
Kushnick, continues to serve on the 
Army’s Advisory Committee on 
Civilian Personnel Management. 


This group of industrial relations 
experts meets several times each 
year with the Secretaries and Chiefs 
of Staff to counsel the department 
on personnel policies affecting the 
many thousands of civil service em- 
ployees of the Army throughout the 
United States and its possessions. 


Mr. Kushnick’s experience as 
management consultant both in in- 
dustry and in the Federal Govern- 


Serves in Army Advisory Post 





ment has also been called upon by 
the Defense Department and by the 
Air Force. 

Other members of the Advisory 
Committee are Carl H. Hageman, 
v-p for industrial relations, Union 
Carbide and Carbon Corp.; Robert 
D. Blazier, v-p for industrial rela- 
tions, Westinghouse; John A. Steph- 
en, consultant on industrial rela- 
tions, United States Steel; Carroll 
E. French, president, Industrial Re- 
lations Counselors, Inc.; and John 
S. Bugas (not pictured above) v-p 
for industrial relations, Ford Motor 
Company. 





The Pipeline Committee recently accept- 
ed a standard proposed by E. A. Nelson 
on “Pipeline Industry Standards for Main- 
tenance, Instructions, Schematic Prints, 
Wiring Diagrams, Trouble Shooting and 
Block Diagrams.’’ Members are (standing, 
Il. to r.) Max T. Nigh, chairman, Service 
Pipeline Co., Tulsa; Ivan W. Schmitt, El 
Paso Natural Gas Co.; E. A. Nelson, In- 
terstate Oil Pipeline Co., Shreveport, 
La.; Ralph J. Osborn, Sinclair Pipe Line 
Co., Independence, Kan.; (seated, I. to 
r.) T. C. Schroeder, Union Switch & Sig- 
nal; James F. Conneran, Arabian-Amer- 
ican Oil Co.; R. E. Boyle, Service Pipe 
Line Co., Tulsa, Oklahoma. 





Nichols Named ISA Delegate to Automatic Control Council- 
AACC Plans Major U. S. Share in Moscow Control Congress 


Dr. Nathaniel Nichols, chief engi- 
neer for Taylor Instrument Co., has 
been named ISA Delegate to the 
American Automatic Control Coun- 
cil, succeeding John Johnston, as 
council plans go forward for major 
U.S. participation in the First In- 
ternational Automatic Control Con- 
gress in Moscow in 1960. 

AACC membership is made up of 
American automatic control experts 
from ISA, ASME, AIEE, AIChE and 
IRE. These representatives met in 
New York to make final plans for the 
U.S. portion of the 1960 Congress. 

At this meeting, Dr. Nichols was 
named to head the committee which 
will prepare the instrumentation 
portion of the U.S. program for the 
congress. Other members of this 
committee include: Paper Solicita- 
tion: R. P. Bigliano, M. E. Stickney, 
B. W. Thomas, A. H. Freilich, T. R. 
Schuerger; Paper Review: J. E. Bro- 
phy, T. C. Wherry, W. A. Wildhack, 
R. M. Hutchinson; Paper Publica- 
tion Procedures: N. Cohn, P. A. 
Sprague and H. S. Kindler. 

Two other committees concerned 
with preparation of the U.S. pro- 
gram include one on automatic con- 
trol theory, under Prof. John Truxal, 
and another on automatic control ap- 
plications, under David M. Boyd. 

Outgoing delegate Johnston, who 
participated in planning for the 1960 
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Congress, in speaking of this first 
international meeting said: 
“International meetings involve 
far more complexity than is at first 
apparent. For example, this pro- 
gram for the Moscow Congress has 
to be conducted multilingually, in 
Russian, French, German and Eng- 
lish. Travel arrangements involve 
clearances from the U.S. Depart- 
ment of State, transport over at 
least two foreign airlines, customs 
clearance and changes in currency. 
As visitors in a foreign land, some 
extraordinary accent on social ob- 
ligations exists; and since Russia is 
so unusual a location for instru- 
mentation meetings, there will be 
an understandable emphasis on 
making the most of the opportunity 
to observe technical progress. 
“All of these factors place an ad- 
ditional burden of responsibility on 
the shoulders of the host country, 
a position that the U.S. will better 
appreciate in 1963 when the next 
congress is scheduled for New York. 
“Nevertheless,” Mr. Johnston con- 
tinued, “the broader technical con- 
tent of the program and the bond of 
understanding between people from 
different lands more than compen- 
sates for the larger responsibility.” 
At the New York meeting, AACC 
also discussed the need for a gov- 
ernment agency in the field of auto- 


matic control. The council has been 
asked, through its president, Dr. 
Rufus Oldenburger, to advise the 
State Department on the problem 
of suitable candidates for accept- 
ance of exchange fellowships in for- 
eign universities teaching the auto- 
matic control sciences. It also de- 
veloped that the National Aeronau- 
tical and Space Agency is interested 
in recommendations for administra- 
tive and advisory personnel to help 
formulate research programs and 
policies affecting NASA in the field 
of automatic control. These two re- 
quests are indicative of the new im- 
portance being attributed to the area 
of automatic control by our govern- 
ment and reflect the need for an 
authoritative spokesman. 

In other proceedings to promote 
joint meetings to reduce competi- 
tion, AACC has asked delegates to 
obtain the reaction of the member 
societies to a proposal that cooper- 
ative joint conferences be held each 
year on the subject of automatic 
control, with sponsorship of the 
yearly conferences rotating to each 
of the member societies. The propos- 
al stated that the automatic control 
meetings of the cooperating societies 
be under the auspices of AACC with 
the understanding that they consti- 
tute the entire U.S. AACC technical 
meetings program. 
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“3-D” Heart Tester, Diagnosis-by-Computer 
Highlight Medicine and Biology Conference 


The recent conference on Elec- 
trical techniques in Medicine and 
Biology was front-page copy in 
Minneapolis newspapers with the 
unveiling of a new “3-D” heart test- 
er developed by Dr. Otto H. Schmitt 
and Dr. Ernst Simonson of the Uni- 
versity of Minnesota. The new 
method well may revolutionize elec- 
trocardiology, since the device gives 
a spatial, rather than the conven- 
tional flat picture of the heart cur- 
rents. In fact, in using this apparatus, 
the turning of a few knobs will turn 
the heart picture around, enabling 
the diagnostician to see the picture 
from all sides, just as though he 
were moving around the patient. 

In a paper he presented at the 
conference, Dr. Schmitt explained 
that spatial vector electrocardiog- 
raph generalizes transfer imped- 
ance into a spatial continuum concept 
where it becomes representable as 
a spatial vector point function very 
useful in determining the sequence 
of the cardiac cycle temporally and 
spatially. An extension of this the- 
ory, involving a multiple loop feed- 
back dipole synthesizer, makes it 
possible to compute automatically 
and instantaneously the optimal 
vectorial point dipole representa- 
tion of the heart as a current source. 

Dr. Schmitt said that this method 
also may be applied to electroen- 
cephalography. An electronic com- 
puter interprets and analyzes the 
heart information. 

Diagnosis-by-computer was also 
big news at the conference. O. Hugo 
Schuck, Minneapolis Honeywell aero 
research director, said at the con- 
ference that in five to 10 years, 
computers will be making medical 


diagnoses, or helping doctors to 
make them. 

The first machine diagnosis, he 
said, should come in interpreting 
electrocardiograms and_ electroen- 
cephalograms. For example, an elec- 
tronic computer, taking into account 
the knowledge gained from thou- 
sands of past heart tracings, might 
help indicate the precise extent of 
a heart attack. A computer might 
also help tell whether a patient was 
afflicted by epilepsy or a brain tu- 
mor. Mr. Schuck predicted that in- 
struments also may be produced 
to take better records of temper- 
ature, blood pressure, heartbeat, 
pulse and breathing—then analyze 
the records. 

The conference which took place 
in Minneapolis, Minn., Nov. 19 to 
21, featured computers in electro- 
encephalography, electrocardiology 
and circulatory studies and living 
computers. It was sponsored by the 
Institute of Radio Engineers, the 
American Institute of Electrical En- 
gineers and the Instrument Society 
of America. 

Among the papers presented was 
“Instrumentation for Zero Gravity 
Research in Manned Aircraft” by 
H. T. Castillo of Holloman Missile 
Development Center. 

Space flight will require that man 
experience long periods of time in 
a state of weightlessness, Mr. Cas- 
tillo’s paper stated. The response 
of the human system to this new en- 
vironment is not fully understood. 
Electrocardiographs and_ galvanic 
skin response of human _ subjects 
during periods of weightlessness 
have been recorded during flights 
in a two-seat jet aircraft. Instru- 





Dr. Otto H. Schmitt, professor of bio- 
physics at the University of Minnesota, 
displays his ‘‘3-D”’ heart tester at the re- 
cent Conference on Electrical Techniques 
in Medicine and Biology. 


mentation for this research consist- 
ed of adapting medical laboratory 
apparatus for flight and using air- 
craft-type recording and data-re- 
duction techniques. 

Tracings of the heart rate, EKG 
pattern and GSR displayed that sub- 
jects experience changes in the re- 
cordings of these parameters during 
acceleration and weightlessness. 

Otto H. Schmitt of the University 
of Minnesota was conference chair- 
man. Program chairman was J. F. 
Herrick of the Mayo Clinic. Other 
committee chairmen were Carl 
Berkley, The Rockefeller Institute, 
publicity; O. Hugo Schuck, Minne- 
apolis-Honeywell, local publicity; 
Tony Pierce, Crossley Associates, 
local arrangements; E. E. Bakken, 
Medtronic, Inc., registration; W. G. 
Kubicek, U. of Minnesota, tours; R. 
K. Erskine, Minneapolis-Honeywell, 
secretary-treasurer. 





Members Approve Senior Member, Fellow Grades 


An overwhelming majority of the 
membership of the Instrument So- 
ciety of America have voted to 
amend the ISA Constitution and By- 
laws to add the grades of Senior 
Member and Fellow to the present 
grades of Member, Associate Mem- 
ber and Student Member. 

An Admissions Committee, ap- 
pointed by President J. C. Frost, is 
now at work developing the neces- 
sary detailed qualifications and pro- 
cedures and the committee is also 
drawing up a new applications form 
for applicants for membership and 
those present members who wish 
to apply for Senior Member. 

The Admissions Committee com- 
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prises a group of Past Presidents 
and Honorary Members of the So- 
ciety including Dr. William Brom- 
bacher, chairman; Dr. A. O. Beck- 
man, Porter Hart, Albert F. Sperry 
and Ralph Webb. 

Just as soon as the essential de- 
tails have been approved, the ISA 
Journal will carry complete infor- 
mation on these new grades and 
applications procedures. Section sec- 
retaries and membership committee 
chairmen will also receive a supply 
of the new applications forms, par- 
ticularly so that the present mem- 
bers who qualify for the Senior 
grade and wish to apply may 
promptly file their requests for the 


advance in grade. 

The grade of Fellow will require 
similar preliminary work by the 
Admissions Committee. Information 
on these qualifications and proced- 
ures will be published in the Jour- 
nal and forwarded to the sections 
soon after release of the Senior 
Member data. 

The balloting also provided for 
voting on various organization des- 
ignation changes which the council 
adopted in 1957. These were also 
overwhelmingly accepted. 

Copies of the constitution and by- 
laws as currently revised will be 
in the hands of sections officers by 
about February 1, 1959. 
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ISA Adds Three Russian Translations 
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Three additional Russian journals 
have been added to the Russian 
translation program of ISA. 

Announcement was made at the 
recent Philadelphia meeting of the 
Publications Committee that the Na- 
tional Science Foundation has made 
a grant of $93,500 to ISA to proceed 
with translation of the three jour- 
nals. The grant covers “Instruments 
and Experimental Techniques” (Pri- 
bory i Tekhnika Eksperimenta), a 
bi-monthly; “Measurement Tech- 
niques” (Izmeritel’naya Tekhnika), 
a bi-monthly; “Industrial Labora- 
tories” (Zavodskaya Laboratoriya), 
a monthly. 

Consultants Bureau will handle 
translation and printing of these 
publications for one year, beginning 
with the January 1958 issue, under a 
$65,510 contract. 

Funds have been included in the 
grant from the National Science 
Foundation to permit adequate hand- 
ling of this program at ISA Head- 
quarters and to do a certain amount 
of promotional work. 

It is anticipated by the Publica- 





Publication’s Commit- 
tee Philadelphia meet- 
ing was attended by 
(seated, I. to r.) Joshua 
Stern, Richard A. Ter- 
ry, Jere E. Brophy, 


Charles W. Covey, 
ISA] editor, Frank S. 
Swaney, George A. 


Larsen, Benjamin W. 
Thompson, (standing, 
I. to rv.) Richard W. 
Jones, Nathan Cohn, 
chairman, and T. G. 
MacAnespie. 


tions Committee that NSF will soon 
approve an additional appropriation 
for continuation—under ISA aus- 
pices—of translation of “Automation 
and Remote Control (Avtomatika i 
Telemekhanika) for another year. 

Calendar year 1957 for this pub- 
lication was handled on a basis of 
a grant from the foundation to MIT, 
with translation and publishing by 
Consultants Bureau and distribution 
by ISA. MIT has sanctioned the 
transfer of this program completely 
to ISA for the 1958 publication year. 

It was reported that several ac- 
ceptances were received for service 
on the Publication Committee’s Ad- 
visory Board on Russian Transla- 
tions. Among those accepting were 
Professor T. J. Higgins of the Uni- 
versity of Wisconsin, S. G. Eskin of 
the Dole Valve Co., G. Werbizy of 
IBM Endicott, and H. G. Jacobson of 
Mine Safety Appliances Co. 

The task of the Advisory Commit- 
tee is to appraise the quality of the 
Russian translations, and recom- 
mend improvements, where appli- 
cable, to the translating agency. 





ISA Show Draws 
Nearly 24,000 


The Instrument Society of Amer- 
ica’s Conference and Exhibit in 
Philadelphia last September was at- 
tended by 23,875 persons. Certified 
registrats numbered 17,537 with em- 
ployees of local instrument manu- 
facturers and students making up 
the balance of the attendance. 

Over 2,000 attended the various 
technical sessions, clinics and work- 
shops. About 800 attended the Pres- 
ident’s Reception and 700 attended 
the annual banquet. Over 100 ladies 
participated in their special pro- 
gram and about 250 attended the 
plant tours. Executive Day regis- 
trants were in excess of 350. 

Representation came from 42 
states and 12 foreign countries with 
Canada sending the largest number. 

The largest American delegations 
came from Pennsylvania, with New 
Jersey, New York and Massachus- 
setts close behind. West Coast states 
sent a large number of registrants. 

Delegates represented a wide cross 
section of instrument-using indus- 
tries. Of these, aircraft-missiles, 
chemicals and electrical equipment 
were high with petroleum, metals, 
utilities, engineering and construc- 
tion, research, military, industrial 
machinery, atomic-nuclear and com- 
munications almost as large. 

The occupational distribution was 
equally diverse, with various cate- 
gories of engineers representing 
over 30% of the total certified regis- 
tration, sales and advertising about 
25% and management, 15%. 

ISA Headquarters has offered a 
mailing list service to exhibitors 
which makes available the regis- 
tration data. 


Exhibitors Advisory Board Elects New Members 


The Exhibitors Advisory Commit- 
tee met in Philadelphia in Septem- 
ber. Millard D. Shriver was elected 
chairman of the committee and Lyle 
E. Eige of Fisher Governor was 
named secretary. 

Elected to three year terms on the 
Board, beginning Nov. 1, 1958, were 
Mr. Eige, Paul C. Hutchinson of 
Perkin-Elmer, John P. Sherwin of 
Mine Safety Appliance Co., and 
John P. Taylor of Industrial Mar- 
keting Associates. 

Other members of the board are 
Edmund C. Bossart, Bailey Meter 
Co.; Nicholas W. Fleno, Automatic 
Switch Co.; Harry W. Huck, Amer- 
ican Instrument Co.; James D. Kil- 
mer, Fischer & Porter Co.; W. W. 
Lockwood, Taylor Instrument Com- 
panies; F. G. McGavock, Consoli- 
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dated Electrodynamics Corp.; and 

Kenneth Slee, Librascope, Inc. 
Sub-committee appointments are: 

Sherwin, Show Location and Dates; 


Some members of the 
Exhibitors Advisory 
Committee are (stand- 
ing, |. to r.) W. W. 
Lockwood, L. E. Eige, 
N. W. Fleno, and K. 
Slee. Seated, (I. to r.) 
are J. P. Taylor, M. D. 
Shriver, E. B. Bossart 
and Jj. P. Sherwin. 
Not shown are H. W. 
Huck, P. C. Hutchin- 
son, J. D. Kilmer and 
F. G. McGavock. 


Fleno, Exhibit Auditing Point Sys- 
tem; Lockwood, Executives Day; 
Taylor, Rules and Regulations for 
Exhibitors. 
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MEETING PREVIEWS 








Iron & Steel Conference Program Announced 


Steelmakers of the nation who 
will attend the 9th Annual Iron and 
Steel Conference in Pittsburgh, 
March 11 and 12, can expect to hear 
a round of top-quality speakers and 
papers. 

This conference, sponsored by the 
Pittsburgh Section, ISA, with the co- 
operation of Metals and Ceramics 
Industry Div., will cover new sys- 
tems and techniques in the industry 
under the general title “Instrumen- 
tation in the Iron and Steel Indus- 
try.” 

Speakers and papers to be pre- 
sented include: 

Computers as a Means Toward 
Improving Open Hearth Efficiency. 
F. C. Schneider, staff engineer, GPE 
Controls, Inc. 

A Non-Contacting Lineal Meas- 
urement System. William C. George, 
Designers for Industry, Inc. 

Automatic Ingot Weigiut Control. 
R. G. Watson, project engineer, elec- 
trical lab., Republic Steel. 

Study of the Dynamic Behavior of 
Ore Concentrates During Railroad 
Shipment. Hendrick Colin and D. P. 
Porter, applied research lab., United 
States Steel. 

Control and Instrumentation in 
Continuous Casting at Atlas Steels, 
Ltd. Harry L. Brien, electrical en- 
gineer, Atlas Steels, Ltd. 

Instrumentation for a New Open 


Hearth Furnace Installation. W. 
A. Dickinson, combustion engineer, 
Bethlehem Steel Co. 

Problems Associated with Blast 
Moisture Measurement and Control. 
H. Kirk Fallin, combustion engineer, 
Bethlehem Steel Co. 

Oil Film Thickness Gage and Con- 
trol. T. P. Murray, Graham Research 
Lab., J & L Steel Corp. 

Evaluation of the Shaw Ratio Py- 
rometer. Dr. David Burk, research 
lab., Allegheny Ludlum Steel Corp. 
_ The Pressductor — A New Type 
High Capacity Load Cell. Orvar 
Dahle, mgr., electronics dept., ASEA 
Electric, Inc. 

Tuyere Control, Fairless Works, 
United States Steel. Two authors— 
Jack Webber, assistant superinten- 
dent, Fuel. 


Coal Thickener Control. 


Other conference highlights will 
include the presentation of new in- 
struments and controls for the iron 
and steel industry. These will in- 
clude a strip steel footage counter, 
oil film thickness gage, radiation- 
ratio pyrometer, and others. 

The conference will be held at the 
Pick-Roosevelt Hotel, Pittsburgh. 

Additional program information 
may be obtained by writing to R. E. 
Blackwell, Pittsburgh Section ISA, 
Box 1346, Pittsburgh 30, Pa. 





Control Symposium 
Papers Deadline 


January 15 is the deadline for all 
papers to be presented at the Con- 
ference on Analog and Digital Re- 
cording and Controlling Instrumen- 
tation in Philadelphia, April 20-21. 
Date for final approval by publica- 
tion chairman Paul Robinson is 
Feb. 1 and all papers must be ready 
for publication by Feb. 15. 

The conference is sponsored by the 
American Institute of Electrical En- 
gineers with the Instrument Society 
of America cooperating. 

Sessions will include “Engineering 
Education for Instrumentation,” 
“Electronic Null-Balancing Record- 
ers,” “High Speed Data Handling,” 
“Computer Control” and others. 

Authors should contact John M. 
Cage, Hewlett-Packard Co., 275 Page 
Mill Rd., Palo Alto, Calif. 
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Control Conference 
Wants Papers 


Technical papers are wanted for 
the 1959 National Automatic Control 
Conference, sponsored by the In- 
stitute of Radio Engineers Profes- 
sional Group on Automatic Control, 
with cooperation of the ISA, AIEE 
and IRE Group on Industrial Elec- 
tronics, Nov. 4-6, at the Sheraton 
Hotel, Dallas, Tex. 


Deadline is June 1, by which time 
four copies of summaries should be 
submitted to R. P. Bigliano, E. I. 
duPont deNemours, Experimental 
Station, Wilmington 98, Delaware. 


Summaries of 1000 to 1500 words 
must include: (1) what has been ac- 
complished; (2) whether (a) ma- 
terial is theoretical or experimental, 
(b) practical applications are includ- 
ed, (c) paper is original contribution 
or extension of earlier paper; (3) in- 
clude pertinent biography. 


Nat’l Telemetering 
Conference Theme 
Is Study of Space 


“The Investigation of Space” will 
command the attention of an out- 
standing array of scientists and en- 
gineers at the 1959 National Tele- 
metering Conference in Denver, Col., 
May 25-27. 

Twelve technical sessions are ten- 
tatively scheduled for the meeting 
which is sponsored by the Instru- 
ment Society of America, ARS, IAS 
and AIEE. 

The tentative sessions schedule in- 
cludes: Critique and Comparison of 
Various Telemetering Systems for 
Space Instrumentation, Calibration 
Techniques in Telemetering Systems 
and Accuracy Studies, Transistoriza- 
tion Progress, Special Telemetering 
Techniques, Miniaturiztion-Transdu- 
cers, Ground Stations - Techniques 
and New Components, Miniaturiza- 
tion-R. F. Components, Data Process- 
ing and Presentation, Space Teleme- 
tering-Bio Medical, Panel Discussion- 
The Future of Telemetering Tech- 
nology, Space Telemetering-Meas- 
urement and Control. 

Max A. Lowy of Data Control 
System, Inc., is chairman of the con- 
ference and Allan P. Gruer of Sandia 
Corporation is chairman of the Pro- 
gram Committee. 

Mr. Gruer has set Jan. 15 as the 
deadline for submission of titles and 
the deadline for final manuscripts is 
March 19. Authors may contact Mr. 
Gruer at Sandia Corp., Dept. 5210, 
P. O. Box 5800, Albuquerque, New 
Mexico. 

Other committee members are El- 
liot Ring, C. Benavides and Joseph 
McKenna, Martin-Denver; Hugh 
Pruss, Telemetering Corp. of Amer- 
ica; J. L. McKinley, Public Service 
Co. of Col.; R. L. Francisco, General 
Electric; Ralph Schmidt, AVCO, Wil- 
mington, Mass.; J. Winters, Thomp- 
son-Ramo-Wooldridge, Denver; F. 
Venditti, Denver Research Institute. 


Wayne County 
Instrument Fair 


Wayne County Section, ISA, will 
sponsor an Instrument Fair, Feb. 18, 
from 2 p. m. to 11 p. m. at the sales 
auditorium of Detroit Edison. 

Between 25 and 35 exhibitors will 
show such instruments as tempera- 
ture and flow recorders, controllers, 
valves and other industrial controls. 

This is an exhibit only; no speak- 
ers or papers will be presented. 
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Western Massachusetts, Tidewater-Virginia 
Receive Section Charters 





ISA Past President Robert J. Jeffries (left) 
presents Western Massachusetts Section 
charter to President Merlyn F. Wolcott 
(center) and vice-president Frank M. 
Keefe (right) at Springfield, Mass., meet- 
ing last October. 


We think it must have been the 
long, long journey to Connecticut 
Valley Section meetings in Hart- 
ford that moved Merlyn Wolcott and 
George Zeiters to secure the organ- 
ization of the new Western Mas- 
sachusetts Section. 

With the assistance of Walter 
Loughran and Jesse Richardson, 
they drew up a list of prospective 
members and a preliminary meeting, 
with 40 interested persons attending, 
was held last May. At the organiza- 
tional mceting in June, the follow- 
ing officers were elected: Merlyn 
Wolcott, president; Frank M. Keefe, 
vice - president; William Wotring, 
secretary; Paul Weissbrod, treasur- 


er; Francis Eisenman, delegate; Wal- | 


ter Loughran, alternate; G. Pete 
Karpovich, program chairman; Ken- 
neth Rubinwitch, publicity; George 
Zeiters, rules and procedures; Sid- 
ney Spungin, membership. 

The section now has 47 members 
representing 28 companies, with a 
potential of some 200 members in 
the area. Nearly all members are in 
the processing industries, so the sec- 
tion will not specialize in any par- 
ticular phase of instrumentation. 

Biggest project of the section is 
sponsoring University Extension 
Electronics Courses in Industrial 
Electronics, with an enrollment of 
58; and two courses in Basic Elec- 
tronics, both enrolling 40. Section 
member Jesse Richardson teaches 
the courses, all of which will run for 
fifteen weeks. 
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A. E Adler, District Il vice-president, 
presents ISA charter to president of 
Tidewater-Virginia Section, F. M. Wake- 
field, at October charter presentation 
meeting in Hampton, Virginia. E. E. Ash- 
ley is Section vice-president. 


The Tidewater-Virginia Section, 
formed to serve the southeastern 
area of Virginia, received its charter 
last October from Al Adler, District 
II vice-president. 

The section now has 38 members 
with a potential of 200 to 300 in the 
area. Potentially, most of the mem- 
bership will come from governmen- 
tal research and engineering organ- 
izations, the largest being the NASA 
research center in Hampton. Private 
industries include both chemical 
and petroleum processing plants, one 
of the countries largest shipbuilding 
industries and others. Because of this 
diversification, the section does not 
plan to specialize in a particular in- 
strumentation field. 

Organization of Tidewater-Virgin- 
ia was begun early in 1958 by F. M. 
Wakefield, now section president. 

Realizing the area potential, the 
former Houston Section member en- 
listed the help of Dave Jewit and 
Bob Branch in organizing the section 
and the first meeting was held in 
May. The first formal meeting was in 
June with more than 40 people at- 
tending. 

Section officers are F. M. Wake- 
field, president; E. E. Ashley, vice- 
president and rules and procedures 
chairman; J. F. Gilroy III, secre- 
tary; Bruce Flagge, treasurer; Lisle 
E. Taylor, program; Charles E. Hast- 
ings, education; Edward L. Bartho- 
lomew, membership and B. C. Ren- 
fro, national delegate and publicity. 








Marvin D. Weiss, Charleston Section’s 
November speaker, selects characterized 
column for use in chromatographic vapor 
fraction analyzer. 


Charleston Members 
‘Analyze’ Automation 


“Not only is analysis instrumen- 
tation the key to automation, but 
automation is necessary for the com- 
plete use of analysis instrumentation 
leading to end point control,” claim- 
ed Marvin D. Weiss of Union Car- 
bide Olefins Co., speaker at the 
Charleston Section Nov. meeting. 

Mr. Weiss noted three types of 
chemical instrumentation: (1) an- 
alytical instrumentation; (2) in- 
strumental methods of analysis, 
used with some determination pro- 
cedure; (3) analysis instrumentation, 
usually fully automatic and design- 
ed to serve on-stream under con- 
tinuous operation. 

Reviewing major types of analy- 
zers, Mr. Weiss pointed out some re- 
quirements they must meet. 

“The analyzer must serve under 
plant conditions,” he stated. “It must 
be capable of operating continuous- 
ly with minimum maintenance, it 
must supply an output readily con- 
vertible to pneumatic or electronic 
signals and closely related to the 
composition of the stream and, over 
a wide range of conditions, the an- 
alyzer must accept samples that are 
not scrupulously clean.” 

Defining automation essentials as 
analysis, computation and optimal- 
ization, Mr. Weiss said that control 
of a chemical process involves 
knowledge of the concentrations of 
the components of the process. In- 
direct methods are _ satisfactory 
when the operator can reset control 
points, but for automation to take 
place, changing conditions must be 
noted by analytical information. 

“Analysis instrumentation is nec- 
essary for automation,” Mr. Weiss 
concluded. 
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Process Dynamics Northern California 
Meeting Subject 


“Determine the dynamic charac- 
teristics of a process — then use 
them,” said Ben Stanton, electrical 
engineer for Shell Development Co., 
at the Northern California Decem- 
ber meet. 

Speaking on dynamic characteris- 
tics of a single system, Mr. Stan- 
ton illustrated the methods of (1) 
determination of time constant by 
frequency response, step change and 
calculation, (2) dead time, and (3) 
gain. This single system was ex- 
panded to show how the problem is 
magnified progressively by multiple 
time constants. Mr. Stanton then 
spoke on practical applications of 
these methods. 

Programs for the next six months 
were also discussed at this meeting 
by program chairman David A. 
Stevenson. 

On Jan. 12, D. J. Pompeo will 
chair a two-part meeting. Part I 
will feature V. N. Smith of Shell 
Development Co., who will speak 
on “Quality Control Instruments in 


England and West Germany.” 

Part II will be on “Instrumenta- 
tion and Control in West Germany,” 
by P. R. Hoyt and Dr. Percy E. A. 
Cowley, both of Shell. 

E. S. Ferree will speak at the Feb. 
9 meeting on “The Versatility of the 
Basic Recorder Mechanism.” Mr. 
Ferree is with Minneapolis-Honey- 
well. 

“Basic Electronics” will be the 
subject of the March 9 meeting with 
a speaker from the Landaire Co. 

Dennis A. Mathews of Mason- 
Neilan will ask members to “Give 
the Control Valve a Chance” at the 
April 13 meeting. 

A field trip will highlight the May 
11 meeting and the annual dinner- 
dance will be June 20. 

Education Chairman Dr. J. J. 
Shapiro reported the success of the 
program “Spend a Day in the Ca- 
reer of Your Choice.” Four students 
participated, two visiting Shell De- 
velopment Co., and two visiting 
Cutter Laboratories. (See page 56.) 








NEW MEMBERS 


ARK-LA-TEX: David Richard Carroll, 
Hoke Richard Chism, Jr., Robert C. 
Lee, William B. Scott, Jr. 

ATLANTA: William C. Howard, George 
F. Mills, James P. Ritchie, Chris W. 


Smith 
BALTIMORE: Wendell W. Grier 
BIRMINGHAM: Franklin L. Baker 
BLUE RIDGE: John R. Hileman, Paul H. 


Young 

ro. % ~ Carleton Clark Comins, Richard 

Frost, Robert L. Wroe 

CAROLINA PIEDMONT: Alfred D. Penn 

CENTRAL ILLINOIS: Thomas L. Scan- 
land, Steven J. Schmidt, Donald L. 
Ss. Shirley 

CENTRAL NEW YORK: Richard E. Vail 

CHARLESTON: William V. Penrod 

CLEVELAND: Mac R. Blair, John D. Dole, 
Jr., Philip H. Kuhl 

DENVER: Charles Benavides, Leon R. 
Kershaw 

ae Virgil E. Anderson, James Mar- 
tin 

FAIRFIELD “COUNTY: Theodore H. Bat- 
chelder, Elliot R. Lang 

HOUSTON: Donald J. Boudreaux, Harry 


Shirley 
IDAHO FALLS: James H. Kendron 
JACKSONVILLE: Beniamin W. Volker 
J. M. PERRY INSTITUTE: Gary D. Schaal 
LOS ANGELES: Howard W. Gates, Thom- 
as W. Kee, Dan L. McGurk, Clarence 
H. Nelson, Jr., Phillip A. Painchaud, 
G. Curtis Sprang, John M. Vossler 
MATI: Alexander Antonelli, Jr., Dominic 
R. Condello, Ralph H. Granger, Roy 
Ernest Huhta, Jack Warren Huntley, 
Robert Lee Johnson, Richard Edward 
Mack, Willard M. Mahaffy, Earle Fran- 
cis Miller, John Russell Mohler, Gerald 
James Smart, Charles S. Watkins 
MEMPHIS: Kirby J. Bishop, Luther H. 
Huckabee, James M. Lowery, John A. 


Owen 

MILWAUKEE: Royce N. Brown, Donald 
T. Rowan 

MOJAVE DESERT: David E. Isaacs, How- 
ard B. McKeen, Milton H. O’Rear, 
George C. Runner, Charles B. Walker, 
Robert E. Webber 

MONTREAL: Jean M. H. Heines, Bron- 
islaw Sawicki, Ian A. Stewart 

NEW JERSEY: Michael O. a age Ra 
mond K. McDonnell, Phillip W . O'Dell, 
Chester L. Smith 

NEW ORLEANS: Harry T. Lacoste 
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NIAGARA FRONTIER: Wilson Greatbatch 
NORTHERN CALIFORNIA: Warren 
Dryden, Martin G. Gandel, Winston 
Honeychurch, Louis W. Hoppe, George 
Kiopekly, John F. Mills, Jr., John J. 
Rodrigues, Peter W. Sieck 
NORTHERN INDIANA: Leslie M. Zoss 
OAK RIDGE: W. Spencer Bloor, Thomas 
M. Cate, Jr., Gordon M. Lindner, Guy 


H. Wanning 
OMAHA: George A. Tice 
PHILADELPH Armand E. Adams, 


Harold C. Beck, Robert E. Bondy, 
Peter Campione, Leo J. Carroll, Bur- 
ton W. Dempster, Russel D. Irwin, 
John A. Kofchock, R. Clarke Miller, 
William Morris, Arthur H. Morrow, 
a a C. Stinson, Charles H. 
Taylor, George S. Williams 

PITTSBURGH! Swadesh P. Chand, Joseph 

PORTLAND: Paul B. Smith 

PRESQUE ISLE: Joseph C. McGuth 

SABINE NECHES: Virgil O. Allison, Hen- 
ry C. Johnson, Jerome P. Kersten, 
Edwin B. Thompson 

ST. LOUIS: Donald H. Griese 


SANTA CLARA: Gordon M. Floyd, Wil- 
liam % Wallace 
SCIOTO VALLEY: Robert Lee Gilmer, 


Robert Eugene Stapleton 

SEATTLE: T. D. C. Bulger, Albert E. 
Davis, George R. Follis, Laird H. Hail, 
Douglas E. Harris, Reinhart A. Moller, 
Herbert A. Tieman 

SOUTH BEND: Glenn E. Patterson 

SOUTH TEXAS: Ronald J. Williams 

TAMPA BAY: Jimmy C. Boutwell 

TORONTO: Donald A. Anderson, William 
- Duncan, Alexander Meszaros, Jerry 

Pefhany, John P. Pritchard, Victor 

Smith, William H. Waddell 

TULSA: Clifton E. Burling, Frank S. Ham- 
lin, Ralph J. Osborn, Robert C. Reilly 

WASHINGTON: Raymond A. Cantwell, 


William E. Smit 
AYNE CO : » oiya A. McClain, 
Stanley M. Stanzin, Souel F. Webb 
WESTE: MASSACHUSETTS: Arvid H. 
Clauson, John J. Malek 
WICHITA: Kenneth G. Hink 
WILMINGTON: Joseph L. Grieco 
MEMBER-AT-LARGE: Noble A. Alexand- 
er, James M. Flanagin, Jr., Glen H. 
Ingmire, Peter F. Leigh- Mossley, Al- 
den L. Scheidegger 
FOREIGN MEMBERS: Srinivasan Krish- 
naswami 





Malcolm Johnson (left) and Otto Kneisel 
(right) were speakers at the November 
Milwaukee Section meeting. Here they 
examine a flash prevention plug valve 
manufactured by their firm, General Con- 
trols Co. Mr. Johnson, a Chicago Section 
member, and Mr. Kniesel of ISA's Boston 
Section, spoke on “Don’t Let Flo Run 
Wild’’—a treatment of automatic valves. 
Automatic control valves made by Gen- 
eral Controls were displayed at the meet- 
ing. 


Good News 
on Education Scene 


Both the Idaho Falls and San 
Diego Sections report good results 
from their education programs. 

Idaho Falls Section found that the 
local high school science classes had 
considerable equipment which was 
completely inoperative because of a 
lack of qualified persons to make re- 
pairs. The section has set up a com- 
mittee which will work with chem- 
istry and physics teachers to repair 
and calibrate their equipment. 

The section also found that much 
government equipment is available 
to high schools through the school 
district, but that persons in charge 
of inspecting material and making 
selection were not qualified to deter- 
mine the value of the material. 

The section has offered its serv- 
ices on a consulting basis to review 
with the school district business 
agent materials and equipment 
available for his selection. 

San Diego, working with the In- 
dustry-Education Council, found sec- 
tion members becoming “Teachers 
for a Day.” 

San Diego science teachers wanted 
to attend a regional conference of the 
National Science Teachers Associa- 
tion in Pasadena. Industry and sci- 
ence supplied engineers, technicians 
and scientists to conduct science 
classes during the teachers’ absence. 
The program went over with a bang 
and plans are to repeat it next year. 
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oblectric 


~—— jMire 


dit 


The “MiniMite” Portable Pyrometer 
Indicator gives you laboratory ac- 
curacy—in a rugged, versatile instru- 
ment. You can use it dependably for a 
wide range of temperature measure- 
ment, calibration and test purposes. 
Carry it around and set it up wherever 
you need it. Heavy use won't impair 
its performance or accuracy. 


Temperature Measurement 


When connected to a thermocouple 
the ““MiniMite” will measure temper- 
ature directly. Use it for laboratory 
work, emergency operation, or as a 
substitute for instruments under re- 
pair. It’s also ideal for a wide variety 
of research and test work. Automatic 
cold-junction compensation is built-in. 


Calibration 


You can use the “MiniMite”’ to cali- 
also both po- 





brate thermocouples 
tentiometer and millivoltmeter-type 
instruments. For calibrating millivolt- 
meters, T-E offers a portable sister 
instrument, the ‘“‘MilliMite,” as a 
variable source of D.C. potential and 
resistance. 


Mini Mire 


Pyrometer 
Taleifet-tfels 
| is 
y.Xorei Ui e-\ {—e 
Versatile 


NULL BALANCE, 
POTENTIOMETER 
TYPE 





Scale Range 
Despite the ‘“MiniMite’s” 
individual ranges on its double-range 
scale are almost 24” long. A choice 
of 49 different range combinations 
covers temperatures from —300°F. to 
+3200°F. for Copper-Constantan, 
Iron-Constantan, Chromel-Alumel 
and Platinum-Rhodium-Platinum— 
and millivolts from —6.2 to +62. 
Accuracy is '4 of 1% of scale range. 


small size, 


Convenience 


The “MiniMite” measures only 4’’ x 
5’’ x 6” and weighs under 4 lbs. It 
will function in either horizontal or 
vertical position. Widely spaced grad- 
uations permit easy, accurate read- 
ings. Cold-junction compensation can 
be cut in or out by a single switch. 


Write For Bulletin 64-D 


Thermo 


Electrie co. 


SADDLE BROOK, NEW JERSEY 





In Canada: THERMO ELECTRIC (Canada) LTD., Brampton, Ont. 
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Albert F. Welch 
GM Research Labs 


Harry S. Black 
CEC 


Albert F. Welch, (photo) active De- 
troit Section member, has been 
named to head G-M Research Labs’ 
newly formed Electronics - Instru- 
mentation Department. Except for a 
year with the Cadillac Division, Mr. 
Welch has been with the Research 
Labs since 1948. 


Harry S. Black (photo) of the 
North Texas Section has been ap- 
pointed director of the DataTape Di- 
vision of Consolidated Electrody- 
namics. For the past five years he 
has been manager of CEC’s Dallas 
sales office. 


New manager of product de- 
velopment for Perkin-Elmer’s En- 
gineering and Optical Division is 
James H. Beardsley (photo), New 
Jersey Section member. He was 
formerly with IBM. 


Wichita Section member Wilson 
R. Coffman (photo) will head the 
new Los Angeles Branch office of 
the Milton Roy Co. which will serv- 
ice California’s growing chemical 
processing industries. 





Wilson R. Coffman 
Milton Roy 


to Page 94) 


James H. Beardsley 
Perkin-Elmer 
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. Yours for the asking 
Take advantage of Victor's 
long experience with high 
pressure gas regulation to 
help solve your special 
problems involving flow 
rates, delivery pressures, 
corrosive fluids and tem 
perature compensation. 
Write, wire or phone us 
today. No obligation. 








GD60 AND 80 SERIES 


Control gases safely, accurately 


sso sient VIGTOR REGULATORS 


rs 






GD700 SERIES 





You get precise regulation of high pressure gases with large flow rates, because Victor employs gas 
pressure to control the regulating diaphragm. The result is accurate delivery from 5 to 15,000 psi with 
inlet pressures to 15,000 psi .. . plus ability to obtain flows in excess of 200,000 scfh at maximum 
inlet and outlet pressures. Chart below shows operating range of standard models. 


MODEL MAX. INLET MAX. OUTLET FEATURES MAX. FLOW 
NO. PS! PSI SCFH 
GD10 3,600 500 ngle adjustment regulator contr 15,000 
GD30 2,500 2,500 Load & bleed valve contré 25,000 
GD31 3,600 3,600 Load & bleed valve contre 36,000 
GD6I1C 2,500 2,500 Load & bleed valve contr« 10,000 
GD62C 3,600 3,600 Load & bleed valve contro 12,000 
GD65 6,000 6,000 Load & bleed valve control 15,000 
GD65C 7,000 7,000 Load & bleed valve control 15,000 
GD80A 5,000 5,000 Load & bleed valve contr 30,000 
GD81A 10,000 10,000 pad & bleed vaive contr« 50,000 
GD86R 10,000 10,000 For remote control only 75,000 
GD100R 6,000 6,000 For remote control only 240,000 
GD100 6,000 6,000 Load & bleed valve control 240,000 
GD700 7,000 7,000 Single adjustment regulator contro 15,000 

self relieving 
SR10 3,600 1,000 small, spring loaded regulator 200 
LR20B 7,000 7,000 Spring loaded regulator; self relieving 120 


Operating temperature range: —67 F. to +250 'F. 


All models listed are field proved. Most are designed for panel mounting or remote control. They regu 
late all non-corrosive gases, including oxygen. Stainless steel models available for corrosive gases and 
pressures above '0,000 psi. For complete specifications, write for Victor High Pressure Regulator sheets 


VICIOR EQUIPMENI COMPAN Y 


Mfrs. of High Pressure and Large Volume Gas Regulators; weiding & cutting equepment; hardfacir 
blasting nozzles; cobalt & tungsten castings; straight-line and shape cutting machine 








844 Folsom St., San Francisco 7 » 3821 Santa Fe Avenue, Los Angeles 58 + 1145 €. 76th St., Chicago 19 
). C. Menzies & Co., Wholiy-Owned Subsidiary 
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“The Bendix” G/95 computer 


helps plan operations for 


our ultra-modern refinery. 


says JOHN W. RUSSELL, 
Process Engineering Analyst, 






OHIO OIL COMPANY, 
Robinson, Illinois Refinery 





“In the highly competitive oil industry, efficiently planned 
refinery operation is a must. To handle the complex mathematics 
involved in this planning, we needed the speed of electronic 
computing. After careful study, we have installed a Bendix 
G-15 and although it is one of the lowest priced machines, we 
are using it very successfully on large scale problems. 

We like the compact size and have found reliability to be 
exceptional. G-15 users share valuable programs through their 
own organization, too, and this adds materially to the 


computer's value” 


THE G-15 PROVIDES — Low-cost versatility for thousands of office 
and laboratory applications — Simplified operating methods — 
Memory and speed of computers costing four times as much — 
Typewriter input-output, paper tape output and 250 char sec paper 
tape input at no added cost — Expandability through accessories 

for 1,200,000 words of magnetic tape storage and punched card 
input-output — Extensive program library — Users share programs 


Proven reliability — Nationwide service — Lease or purchase. 


DIVISION OF 
BENDIX 


wae 7 Computer AVIATION 


CORPORATION 





Built and backed by Bendix, the G-15 is serving scores of progressive 
businesses large and small throughout the world. For details, write to 
Bendix Computer, Department Z-6, Los Angeles 45, California. 
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New 
CHROMOMAxX* 


helps Pennsalt 
boost product quality 


For more than six months, Pennsalt Chemicals 
Corporation at Calvert City, Ky. has based 
control of its Isotron plant on Chromomax data. 
Component concentrations as low as 0.01% are 
detected and measured by this highly sensitive 
L&N Chromomax Gas Chromatography Analyzer. 
It enables Pennsalt’s operator to monitor 
impurity levels every 10 minutes... to make 
any necessary control adjustments. The result: 
the refrigerants and aerosol propellents 
produced have a purity of more than 99%. 


Pennsalt also relies on Chromomax because 
it’s dependable . . . needs only routine 
maintenance . . . requires simply a weekly 
check against a standard sample. The 
instrument maintenance group finds that 
programming cycles are easy to reset after a 
process changeover. These benefits confirm 
Pennsalt’s policy of getting the best 
instrument for the application. 


If you, too, have a process stream measuring 
problem, let L&N’s versatile Chromomax 
Analyzer solve it... economically ... 
dependably. If required, your Chromomax can 
be equipped with dual column switching or 
electronic integration. 

Check with your nearest L&N Office for 
application details or write to Leeds & 
Northrup Company, 4929 Stenton Ave., Phila. 
44, Pa. for information. 


*Trademark 
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‘NORTHRUP 


Automatic Controls « Furnaces 


Instruments 
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Judoor Ol Well 


Pressures up to 20,000 psi at temperatures to 350 
degrees F., encountered deep in the earth, are reproduced 
under laboratory control by the Continental Oil Company 


in testing cement slurries for use in oil well 
cementing. 

Temperature and pressure are increased 
according to ‘Well Simulation Schedules” until 
the desired conditions are reached and are then 

held to + 2 degrees F. and + 10 psi to the 
completion of the test. 

The Heise Gauge is featured in the 
Stanolind-Type Super Pressure Consistometer 
built for this work by the Refinery Supply 
Company, a Central Scientific Company 

affiliate. 

Four years of accurate, trouble free 
performance under these extreme condi- 
tions attest the value of the Heise Gauge 

as a dependable precision instrument. 
















Dial Sizes 82”-12”-16” 
DELIVERY WITHIN 30 DAYS 


| Pressure Ranges 15 to 20,000 P.S.1. 
Prices from $166.75 


HEISE BOURDON TUBE COMPANY, INC. 


BROOK ROAD, NEWTOWN, CONNECTICUT, U.S.A. 
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(Continued from Page 88) 


Moving up in Electronic Engineer- 
ing Co. is Don R. Proctor (photo), 
who becomes chief engineer. The 
Los Angeles Section member join- 
ed the firm as project engineer in 
1951. 


John D. Saint-Amour (photo), 
Cleveland Section member, who is 
president of Metronix, Inc., has also 
assumed the duties of sales man- 
ager of the firm. 


John D. Saint-Amour 
Metrnoix, Inc. 


Don R. Proctor 
Electronic Eng. Co. 


On the literary scene, Cleveland 
Section member A. J. Hornfeck is 
co-author with T. S. Imsland of 
“Electromechanical Power Station 
Efficiency Analyzer” which appear- 
ed in November’s Automatic Con- 
trol. 


Jess W. Burns, one of the original 
Statham employees, has been named 
director of Techni¢al Services for the 
firm. He is a member of the Los 
Angeles Section. 


Charles B. Kenyon becomes sen- 
ior staff engineer in the General En- 
gineering Dept. of Standard Oil at 
Whiting, Ind. 


New executive post of general 
manager of Howell Instrument Co. 
goes to North Texas Section 
member Fred P. Naber. An MIT 
graduate, he was formerly with 
Booz, Allen and Hamilton, noted 
management consulting firm. 





With All DUE Respect 


We're due to remind you that your 
1959 ISA Membership dues are 


due. Grace period ends Jan. 31. 


Do pay . . . do stay ... in ISA 
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Obituaries | 


A. A. Markson 
Hagan Engineer 


Alfred A. Markson, 54, assistant 
vice-president in charge of engineer- 
ing, Hagan Chemicals and Controls, 
Inc., died late in November at his 
home in Pittsburgh. 

A 1924 engineering graduate of 
Rensselaer Polytechnic Institute, 
he had been with 
Hagan since 1942. 
He first served 
as consulting en- 
gineer and later 
was appointed 
assistant vice- 
president. 

A member of 
the Pittsburgh 
Section, ISA, he 
authored a num- 
ber of technical 
papers and was 
influential in the 
development of 
steam generation equipment for the 
power industry. Recently Mr. Mark- 
son had been conducting studies 
dealing with nuclear reactor physics 
and was author of several papers in 
this field. 





A. A. Markson 


Joseph Esherick, 
Philadelphia Member 


Joseph Esherick, a charter mem- 
ber of the Instrument Society of 
America, Philadelphia Section, died 
last November at his home in Phila- 
delphia. 

Born May 23, 1889, Mr. Esherick 
graduated from the University of 
Pennsylvania in 1912 with a B. S. 
in Mechanical Engineering. 

Upon his graduation, he became 
manager of the specialty department 
for Yarnall-Waring Co. He was 
sales manager for Baker, Dunbar, 
Allan Co., and had his own sales 
engineering firm representing the 
Foxboro Co., Uehling Instrument Co. 
and Connelly Boiler Co. 

Mr. Esherick, listed in the current 
“Who’s Who in Engineering,” retir- 
ed in 1953. 

He was an active member of the 
Philadelphia Section, of which he 
was a charter member, and was well 
known to many of the original mem- 
bers of the Instrument Society of 
America. 
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The Mysterious Cast 


(It’s-a-Small-World Division) 
(Mr. Sprague and beard have recently returned 
from a visit to the U.S.S.R. with the 
Automatic Control Delegation. Herewith, some 
ramblings from the borscht circuit. ) 





Subway reading, 
Moscow style 


The other day, when a group of us 
were on the way to the Hotel Ukraine 
via the Moscow subway, we ran into a 
serious type pouring over a volume ’midst 
the swaying bodies. Intrigued by his con- 
centration, we asked through our inter- 
preter, what he was reading. The reply: 
a book on Automatic Control and Cyber- 
netics. Knowing that no one would be- 
lieve us, we snapped the above photo. 

Seriously, this incident symbolizes the 
intentness with which the Soviet appears 
to be focusing on the theory and applica- 
tion of instrumentation and control de- 
vices. It was my impression that their 
technology is moving rapidly and is not 
a “‘house of cards”’; rather it is soundly 
based on rigorous training in theory and 
application, as well as continuing em- 
phasis on the fundamental standards which 
are the cornerstone of all science. 

While ours was but a fleeting (and 
Soviet-selected) glance at an enormous 
country, I got the impression that—bor- 
rowing heavily from German and Ameri- 
can designs—the Russians have built an 


THE HAYS CORPORATION - 


MICHIGAN CITY 





instrument and control industry which, 
with a few old Lend Lease exceptions, is 
supplying their plant requirements. 

It would appear that the focus will 
continue to be on producing relatively 
standard instruments in large quantities 
to meet the tremendous demand created 
by their S-year plans for rapid indus- 
trialization of the country. We were told 
that they anticipate the instrument and 
control industry to increase 2.8 times be- 
tween 1956 and 1960. 

But we got more than a hint of their 
relatively new interest in foreign markets. 
China, Czechoslovakia, India, Argentina 
and 26 other countries were mentioned. 
Using their hole cards of, (a)) concentrat- 
ing large volume production of a single 
item in a single plant and, therefore, 
achieving rapidly decreasing costs and, 
(b) arbitrary manipulation of their ex- 
change rates, the U.S.S.R. can be ex- 
pected to be a rugged competitor on the 
international automation scene very soon. 

Should we shudder ? No, but I do think 
we should supplement the drive or mo- 
tivation (which has become rather jaded 
of late.) toward conspicuous consumption 
of washers, dryers, TV sets, et al, with 
a more individual concern for the care and 
feeding of our human resources. Let's face 
it—this is a Brains Battle and we can 
work out solutions for the development— 
our way—of our people of talent only if 
we realize it is necessary. 

And, on the international competition 
issue, let’s do more of what comes natur- 
ally; i.e. continually obsoleting products 
by innovation and improvement . . . con- 
stantly posing ‘‘this model is better’’ 
choices for customers here and abroad, as 
(commercial plug) we are trying to do 
here at Hays with, for example, this year’s 
new products: the Universal Recorder, the 
new 245 flow transmitter, the 913 BTU 
Recorder and a new approach to gas sam- 
pling systems. So let’s over-estimate the 
competition and rediscover our greatness. 


(ra 


INDIANA 
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FROM U.S. GAUGE 


SUPERTHERM dial thermometers 


Engineered ...to equal the premium quality and de- 
pendable performance of superior USG Grade AA 
Supergauge pressure gauges. 

Priced ... at a money-saving value that’s news in itself. 
Designed . . . in a range of styles and sizes to serve any 


plant in any industry with the most comprehensive line of 
indicating thermometers available from one source today! 


tandard filled system dial thermometers 
s ' 


met with one top gra 


all these specifications. See 


05. 
tributor, OF write for Catalog 2 


DIRECT READING—rigid, direct mounting; or “Multi-Angle” type 


REMOTE READING—for temperature measurement up to 175 
feet from indicator 


4 TYPES OF FILLS—organic liquid, gas, vapor, mercury 


ALL COMPENSATIONS— complete selection of case or capillary 
compensation available as required 


29 STANDARD RANGES—covering temperatures from —350° to 
+1000°F 


2 CASE MATERIALS— anodized aluminum or phenolic plastic 
4 CASE SIZES— 3%”, 4/2", 6” and 82” 


3 CASE STYLES—turret, front flange, or back flange mounting, 
with choice of bezel 


FULL SELECTION OF BULBS—virtually endless combinations of 
bulb sizes, shapes, materials, and connections. 


UNITED STATES GAUGE. 


Division of American Machine and Metals, Inc. + Seller.ville, Pa. 
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Automatic Pilot Plants 
Speed Petrochemical 
Research 


Eliminating such human essentials 
as sleep, vacations and coffee breaks, 
automatically controlled pilot plants 
are working around the clock, accel- 
erating petrochemical research to 
develop new processes with a result- 
ing saving in dollars and manpower. 

For more than a year and a half, 
the complex array of equipment pic- 
tured above has been gathering new 
knowledge, without human _ guid- 
ance, in the research laboratories of 
Standard Oil Co. (Indiana). This 
automatic pilot plant studies the be- 
havior of catalysts used to speed 
chemical reactions in refining pet- 
roleum, giving them the same treat- 
ment they would get in full-sized 
refinery equipment, but much faster. 

The only human “interference” 
occurs when an engineer takes 
readings from the recorders once a 
day. 

Recently unveiled was a complete- 
ly automatic, computer-controlled 
pilot plant developed and built by 
Consolidated Electrodynamics in co- 
operation with Esso Research and 
Engineering Co. William Priestly, a 
section head of Esso’s Process Re- 
search Division, said that the pilot 
plant “represents a new dimension 
in pilot plant concept and operation. 
Pilot plant automation has been 
made possible by the development 
of computers with high reliability 
and rapid and reliable composition 
analyzers. Employment of the pilot 
plant at Esso,” he stated, “is expect- 
ed to result in the saving of both 
non-technical and scientific man- 

(Please Turn to Page 98) 
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/ “Metals for Precision 
and Performance” 




























That special tubing you need doesn’t have to be a frustrating prob- 
your lem — BisHop delights in tackling tough specs. BisHop is uniquely 

equipped to handle specials—long on experience and capacity, short 
on delivery. You’ll get help within 24 hours from a Quick Service 


individual Team of sales, metallurgical and production experts—and unexcelled 


quality tubing . . . the finest made. 


tubi ng s pecs Briefly, the Bishop Line... 


Mechanical, Aircraft, Capillary, 





STAINLESS STEEL TUBING Hypodermic also NEW 0.008” to 1.000” OD 
Seamless, Welded & Drawn Stabilized and L grades, 0.003” to 0.083” wall 
are a _ precipitation hardening alloys 








NICKEL & NICKEL ALLOY | qu standard grades up to 1.000” 0D 


i, OI Becta scenes 5 <x ae, Ses = 
free. t gy x4 O PS __TUBULAR FABRICATED PARTS} Flanged, flared, milled, slotted, swaged, threaded 
SEALING ALLOYS Low expansion alloys for glass sealing applications 


he 
> ) & Cc i a i t y COMPOSITE. WIRES Base metals & precious metals in various combinations : 


~ PLATINUM GROUP METALS | Fabricated products—chemicals _ 
CATALOGS, DATA SHEETS ON THE ABOVE SENT PROMPTLY ON REQUEST 






































| Send in your individual specs for prompt handling, thor- |’ 
ough analysis, prices, deliveries. Write, wire or phone ete 
Malvern 3100, or call your local steel service center. Tw 


J. BISHOP & CO. 


platinum works 
MALVERN, PENNSYLVANIA 

















_ 
wer 


Tubular Products Division 
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NEW PANELLIT RECORDING 
ANNUNCIATOR UNCOVERS PROFIT LEAKS 


@ Pinpoints temperature, flow, pressure and level process trouble 
areas by accurately, instantly recording off-normal operations. 

@ Permanent, unalterable statistical data helps prevent downtime 
repetition. 

@ No time-wasting decoding. Directly readable digital form. 


Typical power station application: The exact time period of 
steam stop valve closure, generator circuit breakers and over- 
speed trip resets is permanently recorded, providing advance 
notice of sluggish functioning and permitting immediate pre- 
ventive action. 


Model RA helps attain highest quality products by continuously 
monitoring all process variables. Also helps reduce downtime, 
maintenance and operating costs in your plant. 


Write for Bulletin 102 today. 


PANELLIT, INC. 


7401 No. Hamlin Ave., Skokie, Ill. 
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(Continued from Page 96) 


power, completion of test programs 
in half the time now required, and 
the development of an entirely new 
method of pilot plant experimenta- 
tion.” 

The pilot plant automatically 
measures, records and controls tem- 
peratures, pressures and _ stream 
compositions within its maze of pip- 
ing, reactor, and input and output 
devices. A Royal McBee LGP-30 
computer, capable of making five 
control decisions per second, stands 
watchdog on the plant’s operation. 


Newest Systems 
Control Borax Ore 


The latest in reliable level 
measurement and control systems 
are in use at U. S. Borax and 
Chemical Corp. plants in Boron, Cal., 
to monitor and control materials in 
huge storage and processing tanks. 

Called “Tektor” and “Telstor,” the 
capacitance systems are made by 




















Diagram of Tektor and Telstor capaci- 
tance systems made by Robertshaw-Ful- 
ton Controls Co. 


Robertshaw-Fulton Controls. The 
Tektors are used in pairs, as high- 
low level monitors on the storage 
tanks of raw borax ore. Probes are 
installed at critical levels and vari- 
ations in these levels result in a 
control sequence which governs in- 
put flow. A ready supply of raw 
materials at all times is thus insured. 

Telstor systems monitor levels in 
the processing tanks of “borax 
liquor.” As liquor level drops below 
a preset point, the system senses 
this and signals the condition to the 
indicator unit; here, the signal is 
converted to air pressure to control 
valves which admit raw product to 
the tank. 


(Please Turn to Page 100) 
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THE HOUSTON CORPORATION 


Where work and play are combined — profitably! This fast-growing 
electronics, nucleonics and mechanical engineering and research center 
of Florida invites you to join these major business firms who have lo- 
cated in this area. Available skilled workers. excellent schools, fine 
transportation make an ideal community in which to live, work and 
play where most people dream of retiring. Wrile on your letterhead 
today for informative literature. 


Note: Persons seeking positions with St. Petersburg industries, please 
write Florida State Employment Service, 1004 First Avenue North. 


ST. PETERSBURG CHAMBER OF COMMERCE 


Jack Bryan, Industrial Director Dept. ISA St. Petersburg, Florida 
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WE ADVISED PURCHASING TO 
SPECIFY TECHNICAL CHARTS FOR ALL OUR 
RECORDING INSTRUMENTS ! 






Computers and the 
Mothering of Cows 







Consider the cow. A docile crea- 
ture of the bovine persuasion, she 
and her opposite number, the steer, 
have long figured in song, story and 
ice cream advertisements. These 
creatures, known collectively as 
“beef” or “beef cattle” settled the 
, ae 3 west and made Texas possible. 
re—enaa iar : “ Alas! They have ceased to be the 

gee figures of romance they once were. 
’ ; Pid “3 They chew their cuds in rhythm with 
ee the march of science. 

Progress and the University of 
Arkansas have caught up with cows. 
A G-15 general purpose digital com- | 
puter designed by Bendix’s Com- 
puter Division will be used there to 
develop the most productive and 
| economical type of beef cattle. 

The computer will process statis- 
tics on breeding, efficiency of pro- 
duction, mothering ability of cows | 
and various other studies to deter- 
mine best methods of breeding. The 
statistical data, projected over 
generations of cattle, eventually will 
take the guess work out of breeding, 
resulting in better quality and great- 
er quantity and economy in beef 
production. 








Fast, economical service 
for precision charts! 





Technical eliminates the problem 
of purchasing circular and strip 
charts from many different sources 
... Offers you one source for over 
12,000 different sizes and ‘“‘makes”’ 
of charts. You get quicker service, 


Philips helps Phillips on AEC problems. 
Idaho Chemical Processing Plant, Phillips 
Petroleum Co., working on recovery of 
unconsumed fissionable material from 
spent reactor fuel elements for the AEC, 


lower costs, other advantages made uses this Norelco X-ray Diffractometer- 
possible by specialization. Spectrograph, manufactured by Philips 
Electronics, Inc., for a fast, accurate 


method of analyzing constituents. W. A. 
Ryder, X-ray Spectroscopist, installs an 
analyzing crystal in the instrument. 





Over 3,000 firms use Technical Charts! 


Both large and small firms-from coast 
to coast use Technical’s specialized 
service. Many arrange for periodic 
shipments of annual requirements. 


c€CHNICan SALES CORPORATION 


16599 Meyers Road Detroit 35, Michigan 
National Representatives for 


STAEBLER & BAKER, INC * TECHNICAL CHARTS, INC 


Clayton, N. Y Buffalo, N. Y 
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> PERSONALITIES 
5 Nothing but the best in gages for working pressures from 30” vacuum to 10,000 p.s.i. 
~ These details of Helicoid desi 
- ese details of Helicoid gage design 
nd | life and enduri 
- assure ionger tite and enduring accuracy 
as 
he Patented in the U.S.A. and in foreign countries 
U. S. Patents: No. 21934, 2294869 
The tension in the stain- 
he less steel hair spring 
re maintains smooth, con- 
q J. R. Townsend Thomas J. Quigley tinuous contact between The cam sector is alumi- 
th U.S. Dept of Defense Wallace & Tiernan the cam facing and the num—to reduce inertia 
helicoid roller. to a minimum. 
of Thomas J. Quigley (photo) has Standard bushings ae 
rs. been elected vice-president - Equip- — 
n- ment Divisions of Wallace and Tier- wei nasaateaiances 
n- nan, Inc. He assumed his new posi- steel with a highly pol- 
to tion Jan. 1 and will be responsible mat gol vegerss aircon 
id for all operations of the company’s 
° “aa The connecting link 
equipment divisions. ne i 
S- The roller pivot is ball pentane, meee. 
O- Se shaped. and rides on a The polished cam 
- | graphited Bakelite disc. —-* — The link adjusting screw 
pe New president of the American ee er er tate calibrating the Hel- 
le Standards Association is J. R. Town- less steel. —— 
“J send (photo), special assistant, of- 
fice of Assistant Secretary of De- The superiority of Helicoid Gages is most evident in severe 
# fense. He succeeds H. Thomas Hal- ; ; . ‘ 
L- lowell, Jr., president of Standard service— wherever a gage is subjected to violent pressure pul- 
of Pressed Steel Co., Jenkintown, Pa. sations or severe mechanical vibrations. 

The sustained accuracy of Helicoid Gages over millions of 
cycles is explained by the details of design and construction 
of the Helicoid movement shown above. Such Helicoid fea- 
tures—protect against wear and corrosion and assure sensi- 
tivity, sustained accuracy and trouble-free operation. 

be 
: The Chemical 
7 Gage 
. The Helicoid Chemi- P 
; eal Gage hes a guar Tubes built for 
5 anteed accuracy of millions of 
J Linwood L. Leftwich Eugene Bollay plus or minus 1%. It 
° Feedback Controls BJ Electronics is applicable for work- oe 
’ ing pressures from 30” pulsations 
Linwood L. Leftwich (photo) has ee aie to a oe To fit the wide range of applica- 
‘ tes . and temperatures to tions, Helicoid Bourdon tubes 
a Me gee ge tatagge no ig 400° F. It is particularly suitable are available in four materials 
ahien Beg ay gee for chemicals and other viscous —alloy steel, K Monel, stainless 
ass., manufacturer in the field of fluids which might clog or corrode a steel and phosphor bronze. 
automatic control, computers and Bourdon tube. Pressure and/or All Helicoid tubes are made 
servo instrumentation. vacuum is transmitted directly to from seamless tubing and are 
the indicating gage element through carefully designed to give maxi- 
deflection of a Teflon or Kel F seal- mum torque and minimum 
ing diaphragm. stress. When used within the 
Appointment of Eugene Bollay dial range, they will withstand 





many millions of pressure pul- 
resieaiot : sations and will not stretch, 
the Helicoid line of gages write leak or crack. 


(photo), internationally-known me- For complete information on 
teorologist, as director of research, 
meteorology instrumentation, has 
been announced by John R. Hark- 
ness, V-P of BJ Electronics. 


Helicoid gives you all these features at prices that 
are competitive in the quality gage field. 


Helicoid Gage Division 
AMERICAN CHAIN & CABLE 


929-C Connecticut Avenue « Bridgeport 2, Connecticut 


Correction Please: In Table II of “pH 
and How to Measure It,” page 49 of our 
October issue, the precision of Beckman’s 
Model G meter was erroneously given as 
+0.1%. Qur mistake: correct precision is 


ten times better — +0.01%. CIRCLE NO. 100 ON PACE 91 
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Taylor Instrument Companies 


ELECTRONIC 


with all the outstanding features of 


/ INSTANTANEOUS SENSING AND TRANSMITTING UNITS | 





707T DP Transmitter. It provides direct 
conversion from differential pressure to 
an AC signal. No maintenance... in- 
sensitive to vibration . . . self-draining 
and venting ... positive over-range pro- 
tection to 1500 psi... no process fluid 
in contact with internal parts, double 
stainless diaphragm seal between pro- 
cess and electrical components .. . no 
stuffing box, no bending members, no 
pivots, no flexible diaphragms nor torque 
tube seals. No vacuum tubes, no transis- 
tors—only a simple differential trans- 
former. Highly linear adjustable silicone 
damping. Perfect for all flow applica- 
tions. External zero, with wide range of 
zero suppression. Designed for use in 
Class I, Group D, Division I areas. 


VALVE POSITIONER 


A true electro-pneumatic valve positioner, 
permits full utilization of the superior 
performance of electronic control, cou- 
pled with the power and smooth throt- 
tling action of pneumatic diaphragm 
motors. Pneumatic high-capacity, leak- 
less booster relay is easily accessible for 
maintenance without exposing the elec- 
trical system. Unmatched stability due 
to powerful balanced armature reduces 
susceptibility to shock and vibration to 
a minimum. Designed for Class I, Group 
D, Division I areas. 
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70OT Potentiometer Transmitter. Unsur- 
passed for sensing and transmitting Tem- 
peratures (either thermocouple or resist- 
ance elements), Load, Speed, pH, or 
other millivolt signals. Electronic bal- 
ancing eliminates the need for slide 
wires, batteries, standard cells or mov- 
ing parts. Continuous vernier adjust- 
ment of span or zero is simplest on the 
market. 

Interchangeable plug-in service “cans” 
permit quick adaptation of one instru- 
ment for use with different primary 
elements. Amplifier plugs in for simple 
servicing. Infinite sensitivity to the input 
signal. Weatherproof case permits field 
mounting. Users consider it the finest 
potentiometer transmitter available. 





705T Pressure Transmitter. Bourdon tube 
senses pressure changes and moves the 
core of a differential transformer to 
change its electrical output. A simple, 
extremely dependable unit, built for 
many years of trouble-free service. Sim- 
ple span and zero adjustments. Pressure 
ranges from absolute to 2000 psi. 


See your Taylor Field Engineer 
for full details or write for Bulletin. 
Taylor Instrument Companies, 
Rochester, N. Y., and Toronto, Ontario. 














1. Front Adjustments and 
all the features of the fa- 
mous 90) Transcope Pneu- 
matic Recorder. With 
chart, pen and set-point 
side-by-side (as in Tran- 
scope Pneumatic Record- 
ing Controllers) all per- 
tinent process information 


is immediately visualized. Hence operators make 
fewer mistakes. All available in one 6’”’x 6” cutout. 
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sets new standards in 


INSTRUMENTS 


the highly successful TRANSCOPE line! 











Parallels electronicaJly all the features of the TRANSCOPE 
Pneumatic Recorder that have won such wide acclaim. Posi- 
tive, precise pen positioning provided by actual servo-motor, 
hundreds of times more powerful than meter type movement. 
Control settings and adjustments can be made from front or 
rear of case. Recorder can be removed without disturbing 
process control. Bumpless manual-to-automatic transfer is 
obtained without manual matching of set point and process. 
Plug-in Set Point Transmitter permits uninterrupted control. 


All transistorized (solid state), the 701J Recorder is unaffected 
by +10@ line voltage variation; thus there is no need for an 
expensive constant voltage source. All principal assemblies 
and sub-assemblies are plug-in type for flexibility and easy 
accessibility. 


PY Ome) am ©] Om. 1-107 0]. 12] 3... AC or DC CONTROLLER 





Embodies all the advantages of the most advanced control cir- 
cuits. The unique diode limiter circuit permits even the two- 
response controllers to eliminate overpeaking on most appli- 
cations. It is effective at a// times, whether the variable is ap- 
proaching control point from above or below; on changes in 
set point; following major process disturbances; or on start-up. 


Interchangeable, plug-in assemblies permit conversion to 
either fast or standard reset and two-response or three-response 
controllers. Unparalleled rangeability makes this a universal 
controller. Unaffected by line voltage changes up to + 10 G. 
Controller signal gives multiple valve operation. Output signal 
from 1-5 Ma feeds into any load from 0-10,000 Ohms. Plug-in 
assemblies: control responses, operational amplifier, AC/DC 
Converter, DC reference supply and controller. 




















5. Extremely Stable Controller 
Amplifier, utilizing latest de- 
sign techniques and premium 


4. Plug-in Controller Sub-As- 
semblies. Printed circuit 
boards, mercury bottle dis- 


3. Powerful Servo Motor gives 
more precise pen positioning 
than ever before. More ac- 


2. interchangeable Recorder 
Slide. Completely transistor- 
ized. Unaffected by a supply 











voltage changeupto+10%. curate records. connect switch. components. 
; } *Reg. U.S. Pat. Off. 
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Continuous Flash-Point Recorder 


Instrument takes samples 
automatically from stream, runs 
flash test and records result, 
repeating continuously at 3- 
minute intervals. Results cor- 
relate with manual ASTM D-56 
within +2°F. Record provides 
close, prompt watch over frac- 
tionators for quicker start-up 
and better control while run- 
ning. Covers range from 80 to 
190°F. Requires no operating 
attention. Precision Scientific 
Co., Chicago, III. 
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Alarm Scanner 

New alarm scanner automati- 
cally scans several hundred 
process measurements at speeds 
up to five points per second and 
higher. Applicable where warn- 
ings of critical high or low 


SEsus 
measurements are essential, such 
as in compressor stations, nu- 

7s clear reactors, tank farms, syn- 


thetic fiber extrusion processes, 
: etc. Features include  auto- 
manual switch, variable scan 
rate, visible and audible warn- 
ing. Foxboro, Foxboro, Mass. 
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Thermocouple Extension Wire 


Cut costs and do a better job 
with this multicouple extension 
wire which lets you install up 
to 24 pairs at one time. Con- 
duits are not always required 
; since multicouples are available 
s with steel armour protection 
with a corrosion resistant plas- 
tic sheath overall. Corrosion, 
fire and impact resistant, they 
also have the advantages of 
ruggedness, compactness, faster 
installation. Samuel Moore & 
Co., Mantua, O. 
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Control Valves 

Diaphragm operated control 
valve can be actuated by any 3- 
way valve, instrument control, 
cycle controller or process timer. 
Suitable for use in air, oil or 
vacuum circuits, it features neo- 
prene-covered synthetic fabric 
diaphragms for maximum flexi- 
bility and resistance to oil, plus 
extremely high bursting 
strength. Designed for 20 to 60 
psi air actuation; 15 psi instru- 
ment pressure. Valvair Corp., 
Akron, O. 
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Further information on New Products may be 
obtained without obligation. Circle the Code 


Number on the Readers’ Service Postcard 


Rugged Thermocouples 
Thermocouples designed for 
rugged service in rocket engines, 
melting furnaces, nuclear re- 
actors and in processing of 
difficult-to-handle materials 
such as liquid hydrogen, fatty 


acids, etc. Metal combinations H 
used provide for temperatures | 
down to —300°F and _ over 


1600°F. Conductors encased in 

specially processed ceramics and 

surrounded by chemically clean 

metal sheaths. Continental Sens- 

ing Inc., Melrose Park, III. | 
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Indicating Controllers 
Temperature and _ pressure 
controllers for industrial proc 
ess applications feature 57% 
smaller size than conventional 
instruments, only 25 cu in. per 
minute free air consumption, 
restriction cleaner, cartridge 
components, 53g-in. wide scale 
and thin-line case for compact 
surface or flush mounting. 
Available in either direct or re- 
verse action, and action may be 
easily changed in the field. 
Powers Reg. Co., Skokie, Ill. 
CIRCLE NO. 306 ON PAGE 91 








Industrial Gas Chromatograph 


Process control takes a major 
step forward with this pneu- 
matic trend-recording industrial 
gas chromatograph. New read- 
out system permits continuous 
easy checking of the components 
of interest, plus distinct ad- 
vantage of cascade _ control 
through chromatography. Pneu- 
matic minature recorders pre- 
sent analysis data, and two-pen 
units trace trend concentration 
of two components. Don’t miss 
it. Beckman, Fullerton, Cal. e 
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Telemetering Data System 


Completely automatic PDM- 
to-digital computer format tele- 
metering data system will re- 
ceive PDM flight test data di- 
rectly or from analog tape, con- 
vert to digital form, and record 
data on magnetic tape in format 
compatible with digital compu- 
ter. System operates without 
calibrations or adjustments; 
overall accuracy is better than 
+0.1%. Features include man- 
ual zero and 100% data correc- , 
tion. Epsco, Boston, Mass. “we 
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HAGAN NEWSLETTER 


Behind the Panel 


: HOW AUTOMATIC ARE AUTOMATIC CONTROLS? 


The answer depends a lot on the reliability factor in the system, and on how well the various 
control elements are integrated. A great many control systems are designed to operate on full 
automatic only when the process is within normal operating range. In applications where the 
process can vary widely, or where operators must be relieved of control supervision during 
abnormal conditions, true automatic control is desirable. Hagan systems are designed to 
accomplish this; for example: 


OUTDOOR BOILER CONTROL SYSTEM STAYS ON AUTOMATIC DURING GENERATOR TRIP-OUT: a new outdoor utility 
| station in the Southwest experienced a generator trip-out, and in the excitement, the 3-element 
feed-water control system was left on automatic. Inspection of charts after the difficulty was 
overcome showed that the feedwater system had maintained proper drum level throughout the two 
hour shut-down, even though the system went through the complete shut-down, start-up cycle. 








SOAKING PITS NEVER OPERATED ON MANUAL CONTROL: on a new installation of two batteries of 3 pits, 
the heaters are instructed never to operate on manual control. In case of control malfunction, 
the pits are shut down until the system is repaired. In a year of operation, this policy has 
resulted in the loss of only four pit hours production time. Pit bottoms have not built up 
excessively, indicating close control of combustion and absence of ingot washing. (Item A-1) 


FIRST SOLID STATE ELECTRONIC BOILER CONTROL SYSTEM 


Operational magnetit amplifiers, used as basic control elements in the combustion, feedwater, 
pump recirculation and steam temperature control systems, will be installed on a new 

1,260,000 lb/hr boiler at a Southern utility. The Hagan proposal--for the first solid state 
electronic boiler control--was selected by the utility in competition with two other electronic 
systems that did not achieve the reliability inherent in a solid state system. (Item A-2) 





ELECTRONIC TEMPERATURE CONTROLLER SENSES 0.000001 VOLT CHANGE 


Ultrasensitive, the Hagan PowrAmp Temperature Controller is responsive to thermocouple output 
fluctuations of one-millionth of a volt. Designed for precise temperature control in situations 
where either the heater or the product temperature can change rapidly, the Controller provides 
adjustments for proportional band, reset, and rate action. While this is a new instrument, it 
has already been proven in action. It was selected for the critical job of controlling glass 
fiber drawing dies operating at 1600F and it is limiting die temperature fluctuation to less 
than 0.25F. The Controller provides stepless regulation and will handle up to 330 kva 

through saturable reactors. (Item A-3) 


NEW POWRLOG OFFERS LOW-COST TEMPERATURE MEASUREMENT OR CONTROL 


Our systems engineers wanted a rugged, low-cost remote recorder for process measurement in 
industrial applications. Once we decided that the right way to minimize maintenance was to make 
use of unitized construction, the acorn we had been asked for rapidly became a full fledged oak. 
We ended up with an instrument that will measure any function that can be converted into an 
error voltage, either AC or DC, and then convert these voltages into mechanical movement that 
may be used for driving a recorder, indicator, integrator, pneumatic transmitter 

or a controller. 





Utilizing a unique amplifier that is adaptable to a wide variety of applications by means of 
plug-in input boxes, the new HAGAN PowrLog is particularly well suited for the remote 
measurement and/or control of temperature with either thermocouples or resistance bulb 
thermometers. The components of this versatile instrument have been selected for accuracy and 
high reliability--result--maintenance has been reduced to a new low. (Item A-4) 








HAGAN CHEMICALS & CONTROLS, INC. 
Hagan Building, Pittsburgh 30, Pa. 


If you would like more information on any of the above items, check the appropriate box below. 


[] Item A-l [] Item A-2 (1) Item A-3 () Item A-4 
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> new products 





Thermocouple Welding Tool 


Pressure-sensitive resistance weld- 
ing probe is designed for welding 
thermocouples. Handpiece consists of 
welding lead, complete with pres- 
sure-sensitive mechanism, and a sep- 
lead. Probe fires at 
from 1 to 25 Ibs., 


arate ground 
preset pressure 
producing heavy current for milli- 
second durations. Guaranteed exact 
repeatability assures 
regardless of operator skill or diffi- 
culty of location of the weld. Weld- 
Pasadena, Cal. 


reliable welds 





matic, 


CIRCLE NO. 309 ON PAGE 91 


Flight Simulator 
New, low-threshold, high-response 


degrees to 240 degrees and from 0.01 
cps to 30 cps about either axis for 
accurate testing of airborne elec- 
tronic components over full range 
of flight patterns. Total system error 
is less than 15 seconds of arc. Task 
Corp., Anaheim, Cal. 








Something New in Thermocouples 


New, heavy-duty, fast-responding ther- 
mocouple, the “PermaKouple” consists of 
heavy protecting tube containing two #8 
B&S gage wires embedded in solid ceram- 
ic. Tested and proven in nuclear and air- 
craft fields, now available for the first 
time in standard industrial sizes. Insula- 
tion prevents corrosion or scaling of wires 
and eliminates danger of flash fires in 
event of burn-through. E. C. Smith Mfg. 
Co., Conshohocken, Pa. 
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Solid Front Gages Have Safety Features 


Newly designed line of gages gives positive protection in event | 
of tube failures. Frontal blow out is prohibited by shield which 
is cast as integral part of rigid case construction. Blow-out back, 
secured to gage case by extra strong stainless steel chain, blows 
out at pressures less than 2 psi should tube leak or fail. Weathe: 
proof unit allows full access for ease of adjustment. Crosby Valv« 


& Gage Co., Wrentham, Mass. 
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Pressure Cutoff for Wind Tunnel 
Electrically operated 30-point pressure 


flight simulator in 1, 2 and 3 axis 

units allows control of a wide range cutoff designed for wind tunnel applica- 

of rates and amplitudes from 0.004 tions acts like a 30-pole single-throw 
switch: in one position it cuts off 30 


separate pressure lines and in the other 
position it turns on 30 lines. Designed 
for wind tunnel use, it can be used in 
any application where simultaneous con- 
trol of up to 30 pressures is required. 
Datex Corp., Monrovia, Cal. 
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A complete line of pH meters incorporating modern electronic tubes and circuits, 
simple in operation and maintenance, featuring sealed amplifier plug-in units. 


Line-Operated Model 85 

* Single range 0-14, scale length 3”, readable to 0.1 pH unit. 

* Fully stabilized, simple, compact, available with carrying case. 
* A full-fledged pH meter usable with all types of electrodes. 


Write for Bulletin #195 $115.— 


Line-Operated Model 115 

* Single range 0-14, scale length 4”, readable to 0.05 pH unit. 

* Temperature control 20-60°C, available with carrying case. 

* Additional millivolt scale for redox measurements and titrations. 


Write for Bulletin #225 $145.— 
Line-Operated Model 110 

* Single range 0-14, scale length 7”, readable to 0.02 pH unit. 

* Temperature cdntrol 0-100°C, voltage selector for 80-260 volts. 

* Available with carrying cover & baseboard for bottles, beakers. — 


Write for Bulletin #105 $215.— = . 


Battery-Operated Model 125 
125 


MODEL 110 


MODEL 85 


* Single range 0-14, scale length 512”, readable to 0.03 pH unit. 
* Only 3 batteries, standard radio type, 2,000 hours of service. 
* Available with carrying frame for instrument, beakers, boftles. 


Write for Bulletin #118 $175,.— 


All prices include set of glass electrade and calomel! electrode, 
or combination glass-and-calomel electrode (probe).. 


MODEL 


: 4 
eg, F 
| | 
° 
= 
ae * 


x 


See also Bulletin #138 on pH Meter Tester Mod. 25 for checking the performance 
of pH meters without electrodes or buffers, applicable to pH meters of any make. $58.— 


PHOTOVOL 
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TECHNOLOGY 








OF SPACE 


New noise microphone reports 
sonic damage to missiles in flight. 


Lockheed has an extensive research capability in the 
development of transducers and instrumentation for 
missile and spacecraft applications. 

Under investigation are the properties of liquids and 
certain rubber-like solids as a function of amplitude and 
frequency of excitation; research and piezoresistive 
materials such as silicon, germanium, and indium 
antimonide in an effort to develop better transducers; 
research on capacitive methods of measuring extremely 
small displacements down to 10°!” inch, and on a variety 
of other physical problems. 

Scientists and engineers of outstanding talent and 
inquiring mind are invited to join us in the nation’s most 


(left) Research and Development facilities 
in the Stanford Industrial Park 

at Palo Alto, California, provide 

the latest in technical equipment. 


(right) Ultrasonic temperature probe 
measures speed of sound in various gases — 
another Lockheed contribution. 











interesting and challenging basic research and develop- 
ment programs. Write: Research and Development 
Staff, Dept. A-24, 962 W. El Camino Real, Sunnyvale, 
California, or 7701 Woodley Avenue, Van Nuys, Cali- 
fornia. For the convenience of those living in the East 
or Midwest, offices are maintained at Suite 745, 405 
Lexington Avenue, New York 17, and at Suite 300, 
840 N. Michigan Avenue, Chicago 11. 


“The organization that contributed most in the past 
year to the advancement of the art of missiles and 
astronautics.”’ 


NATIONAL MISSILE INDUSTRY CON FERENCE AWARD. 


SUNNYVALE, PALO ALTO, VAN NUYS 


/ SANTA CRUZ, SANTA MARIA, CALIFORNIA 


Lockheed / sss. SYSTEMS DIVISION / 20h GR sarA mn 
/ 


/ ALAMOGORDO, NEW MEXICO 































> new products 





Radiation Temperature Controller 


Non - contacting temperature 
monitor and control performs 
equally well with furnaces, in- 
duction heaters, crucibles, gas 
flame or torch at distances of 
6 in. to many feet. Detects and 
ne FO —,_ reacts swiftly to moving heated 
= a objects; sensitive only to tem- 

bs gs ay perature level of the work; in- 

oa sensitive to flame, reacts only to 

the radiation emitted by work 
itself. Mason Instrument Co., Mt. Vernon, N. Y. 
CIRCLE NO. 314 ON PAGE 91 









Controlled Infrared Source 

Device provides accuratelv- 
adjustable source of infrared 
radiation. A controlled black- 
body reference standard, it is 
constructed as two separate 
units, source and controller, and 
can be used as a_ secondary 
standard of radiant energy. Unit 
is a closed-loop servo system 
operating in temperature ranges from 200 to 600°C. Ten foot 
cable connects source and controller. Perkin-Elmer, Norwalk, 
Conn. 
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Proportioning Pump 


Brand new line of controlled-capacity pumps handle many 
applications in petrochemicals, chemicals, and water treatment, 
and particularly power production. Capacities range from 0.65 
gal per hour to a maximum of 13.10 gais at a maximum 
pressure of 1000 psi. Rugged and dependable, designed for 
moving specific volumes of fluids wherever low initial cost, 
design simplicity, accuracy of control and minimum mainte- 
nance are prime requisites. Repetitive metering accuracy with- 
in a tolerance of +1% is obtained when pump operates be- 
tween limits of 10% to 100% of stroke length. American 
Meter Co., Garland, Tex. 
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Transistor Digital Voltmeter 

This all-electronic transistorized digital voltmeter has accu- 
racy and resolution of 0.0159 over the three automatically- 
switched ranges of +10, +100 and +1000 volts dc. Input im- 





pedance of the instrument is 10 megohms at all times, even 
when digitizing and under conditions of overload. Intended for 
automatic measurement, display and recording voltages in digi- 
tal form and suited for applications such as production testing, 
telemetry and alarm monitoring. Beckman, Anaheim, Calif. 
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4 ALLISON 

a VARIABLE 
FILTERS 

° Proved dependable 


in years of service* 


Allison Continuously Variable Passive 
Network Audio Frequency Filters have 
been in constant use for a wide range 
of laboratory and production applica- 
tions for nearly a decade. Their relia- 
bility through years of service and their 
high performance characteristics have 
led to improved operations and to the 
development of many valuable new 
applications. 


BEL. 


Allison Filters have no vacuum tubes; 
no power supply; a wide dynamic range; 
low level or high level operation; low 
pass, high pass, or band pass; and no 
ringing effect. 





2K Allison Variable Filters have been used time and 
time again by such firms as Armour Research Foun- 
dation of Illinois Institute of Technology, Chicago, 
{ll.; Avco Manufacturing Corp., Lawrence, Mass.; and 
Bell Telephone Laboratories, Inc., New York. N. Y. 
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D yamsascr LP ae MUTERS MODEL 2-8 
Ajtisom 


Allison Laboratories, Inc. 


14185 E. SKYLINE DRIVE + LA PUENTE, CALIFORNIA 


ALLISON FILTER 
2A 
_ SPECIFICATIONS 


e Frequency range from 15 cycles to 
10,080 cycles 


© Designed for use in 600 ohm circuit 
e Passive network © No power supply 


© Low loss — approximately 2db 
in pass band 


© Plug-in or built-in input-output trans- 
formers available for other impedances 


© Attenuation rate—30 db per octave 
© Size—14” high, 7” deep, 5%” wide 
e@ Weight —20 pounds. Fully portable 
© Model 2AR, rack panel also available 


e Basic price for Model 2A— 
$445.00 F.0.B. 





Write for Engineering Bulletin with complete technical data. 
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This Annunciator Is Expandable 


This static switching annunciator 
can be expanded as control require- 
ments increase. Intended for use in 
locations where one or a few alarms 
are required, it is suited for use on 
existing machinery or equipment. 
Completely self-contained, the unit 
is built around static switching cir- 
cuits, eliminating relays and sole- 
noids. Provides complete reliability 
' by the absence of component fail- 
ure for process and automation 
control. Operates on 24 to 250 volts 
ac or dc. Scam Instrument Corp., Chicago, Ill. 
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Sensitive, Fast-Acting Regulators 

A new line of ex- 
ternal-pilot steam-pres- 
sure regulators having 
greater capacity per 
valve size. Provide ac- 
curate, fast response 
regulation and _ are 
suitable for continuous 
or intermittent duty. 
Capable of large pres- 
sure reductions and the 
tight, dead-end shut- 
off necessary for batch- 
type apparatus such as 
sterilizers, vats, kilns, 
presses and ovens. Elev- 
en body sizes from 1/2 
to 6”; main valve will 
handle maximum pressure of 125 or 250 psi; external pilot valve 
can be remotely installed. Kieley & Mueller, Inc., Middletown, 
N.Y. 
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Rotary Mechanical Stops 


New serics of rotary mechanical stops provide an effective 
means for stopping rotation at predetermined intervals accord- 
ing to particular requirements of any application. Invaluable 
where ambiguity must be prevented and where costly compo- 
nents must be protected against damage. Ideally suited for pre- 
cise control of rotary motion in instruments and gear trains, 
these stops are low inertia mechanisms having extremely low 
starting friction yet extremely high static torque. Accuracy (to- 
tal turns) is +5 degrees; operating temperature range —54°C 
to +71°C. Kearfott, Clifton, N. J. 
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Constant D-C Voltage Supply 
Get stable, calibrated d-c 


voltage without standard cells 
or batteries with this instru- 
ment designed for use with 
potentiometer - type recorders, 
bridge circuits and industrial 
measuring potentiometers. Sta- 
bility is +0.05% for +20% 
supply voltage variations; 
+0.08% max. drift over 10,000 
hours of operations (readjust- 
able); +0.0015% max. per °C change in ambient temperature. 
Operates from standard 115-volt a-c power source. Hays Corp., 
Michigan City, Ind. 
CIRCLE NO. 321 ON PAGE 91 
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MINIATURE 


MULTI-CHANNEL 
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von B 
AIRBORNE 
& TEST CELLS. 








Precision and regulation, to 
1/2° F or better by multiple 
temperature controls 

24 volts AC or DC less than 
50 watts 

Field adjustable reference 
temperature with built in re- 
sistance temperature monitor 
From 5 to 30 circuits in any 
standard combination of 
thermocouple wire 


WRITE FOR DATA SHEET 


INSTRUMENT COMPANY, INC, 


e Warm up time 1/2 hr. at 
—65° F 

Environment: MIL-E-5272A 
Ambient of —65 to +200°F 
causes less than 1°F change 
in control temperature 


Can be rack mounted for 
test cell operation 


Automatic reference junc- 
tions are also available 





315 NO. ABERDEEN ST., CHICAGO 7, ILLINOIS 
Sales Representatives throughout the United States and Conade 
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SCAMMIT STATIC 
SWITCHING 
ANNUNCIATOR 


BUILDING-BLOCK COMPONENT 
THAT’S SELF CONTAINED! 


SEND FOR 


SCAMMIT ST-DF Annunciator Unit is a new large 
modular single model in the Scammit line. Use it for 


locations where just one or a few alarms are required 
ideal for existing instruments or machinery. Stati 
switching circuits eliminate component failure 


COMPLETE 
MONITORING SYSTEMS 
FOR INDUSTRY 


LA-402 
DA-40! 


S ABSORBER 
Hos ABsoRsee HH INSTRUMENT 


INTERFACE 


CORPORATION 


1811 West Irving Park Road 
, 


Chicago 13, Iilir 
»Raceland 7-7850 


REPRESENTATIVES IN ALL PRINCIPAL CITIES 
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}) new products 





| Remote Registering Counter P 
| | Remote registering counter for in- ~) 
COLVIN . \ | LG dustrial liquid meters and other count- Gg 
, soe | ing applications provides a_ new, 
HI-G | economical means for remote regis- 
tration. Requires no outside power 


for operation. Generator converts a 


PRESSURE small amount of torque into a 3 to 5 i 
volt electrical pulse which is carried i 

TRANSDUCERS over low cost wiring to the sealed, ‘ 
| weatherproof register which can be ! bi 

| E Sc 





located 4% mile or more distant. In- 
= For Absolute, Differential or Gage Pressures. vee Gane & cate te geeride 

: ‘ s centralized indication for control of 
= Small Size — Light Weight. plant processes. Badger Meter Mfg. 
= Withstand 25g to 2000 cps. | Co. Milwaukee, Wisc. 


m= Outputs Linear With Pressure, Air Speed CIRCLE NO. 322 ON PAGE 91 
and Altitude. 


Accurately Dependable for Missile and Other 
Airborne Pressure Measurement Applications. Capable of extremely accurate and 
sensitive response, switch consists of 
a contactor manometer and a relay- 
power-supply package. Can be used 
for alarm signalling and/or control 
in applications involving pressure, 
vacuum, differential pressure, flow 
P-GP i \Z4 I and liquid level. Make-or-break con- 


trol sensitivity of 0.005 in. of water. 
LA Ss} @) R ATO R | ES, | NC . Senses pressure p Hera as sane 


364 Glenwood Avei.ue, East Orange, N. J. as 0003 oz per sq in. Meriam In- 
strument Co., Cleveland, O. 
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Precision Pressure Switch 


For complete technical information, write: 

















POSSIBLE ONLY | cl 
with a Reads to 20 millionths .. FAST! : 


SIGMAMOTOR ae 


PUMP AUTOMATIC ELECTRONIC : 


MICROMETER 


Unexcelled for high-speed, di- 
rect precision measurement of 





MOVE CORROSIVE LIQUIDS} 


Material being pumped never comes in’ contact 
with pump mechanism. Wave-like motion of steel 
fingers forces material through Tygon tubing. 
By changing size of tubing, capacity can be 
increased or decreased. Pump housing opens for 
removal and insertion of tubing. 










= APUMP 2 OR 3 anything fragile or compressible 4 
=" “DIFFERENT LIQUIDS . conducting or non-con- 
SIMULTANEOUSLY ducting. ’ 


Some models will accommodate up to four tubes 
so that four different liquids can be passed 
through the pump at one time without danger 
of contamination. 


Widely used on: 


FEED AND Mix> SEMICONDUCTORS 
One or more tubes can be feeding material 
to a mix while a larger tube is recirculating 
the liquid to produce agitation and thorough 
mixing. Viscous matericls can be pumped 
without danger of gumming or plugging. 
Remove tube and pump is clean. 


DEPOSITED FILMS « GRIDS 
CLOSE TOLERANCE PARTS 
COATED CATHODES « DIAPHRAGMS 





fase qmeter appitives 


One or more additives can be pumped to a solu- 
tion in the exact amount desired by selecting the 
correct size of tubing and regulating pump speed. 


Various controls can be incorporated to close Send for BULLETIN 4005. 
valves ahead of pump. | 





Negligible measuring pressure. 





Capacities from 0.5 cc. per min. to 4.5 G.P.M. 


Gem ee | || J. W. OME CO. 


39 N. Main Street e Middleport, N. Y. 
CIRCLE NO. 108 ON PAGE 91 CIRCLE NO. 109 ON PAGE 91 
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Rotary Paddle Feeder 


Eliminate formulation inac- 
curacies resulting from pulsat- 
ing material delivery with this 
feeder which delivers a_con- 
stant, uniform stream. Design 
of feeder prevents “pile-up” of 
materials. Uninterrupted flow 
is further assured by a regulat- 
ing baffle at the discharge point. 
Material is delivered practically 
“straight-in-line” vertically, thus 
permitting installation directly 
below bin opening, with no loss of floor space. Richardson 
Scale Co., Clifton, N. J. 
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Valve Positioner 


This new and different top- 
mounted integral positioner is 
capable of matching or exceed- 
ing the speed and sensitivity of 
modern pneumatic controllers. 
Combines force-balance design 
with a radically new pilot-op- 


erated relay valve, providing 
high output and maximum 





sensitivity. Can be used on both 
cylinder and diaphragm actua- 
Responds to signal changes as low as 0.001 psi, and is 


tors. 
unaffected by vibration. Conoflow Corp., Philadelphia, Pa. 
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Instrument Air Dryer and Receiver 


A compressed air receiver tank with built-in air dryer, this 
single unit with double purpose is designed to purify and dry 
air to zero-dewpoint quality, then to store and deliver air 
clean and free of moisture to overcome fouling, corroding and 
freezing of instruments, air tools, controls, circuits, chemicals, 
etc. Compact, single-vessel design requires minimum of space, 
installation, maintenance, inspection and insurance. Operates 
without heat, regeneration or regulation; with no volume loss 
and less than 1% pressure drop. Capacities up to 8000 scfm and 
Van Products Co., Erie, Pa. 
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6000 psig. 


Portable Gas Analyzer 






This instrument measures 0 
TO ne to 60% carbon dioxide, a range 
ere particularly suitable for meas- 


uring heat-treating atmospheres, 
brewing tanks, inert atmos- 
pheres, etc. Gases up to 850°F 
may be measured without spec- 
ial cooling means. CO, read- 
ings are not affected by other 
gases in tested atmosphere. 
Bacharach Industrial Instrument 
Co., Pittsburgh, Pa. 
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Automatic Insulation Tester 


Automatic insulation tester meets 

t i requirements of some 30 ASTM 
os Site Bae specifications for electrical insula- 
we ; tion materials. Output terminates 
in test fixture contained in trans- 


parent, safety inter-locked test cage. 
Tester features motor driven rate- 
of-rise with manual override and re 
turn of output voltage. Associated 


my Research, Inc., Chicago, Ill. 
CIRCLE NO. 328 ON PAGE 91 
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As SIMPLE and 


Dependable 
as the Pull of a 
MAGNET! 





A sleeve, raised 
and lowered with- 
in a non-magnetic 
tube, attracts or 
releases an Alnico 
magnet attached 
to a mercury 
switch. Basically, 
this is Magnetrol. 


Oem 





The Simplest, Most Versatile 
LIQUID LEVEL CONTROL 
Ever Devised! 





Linked to liquid level by infallible 
magnetic force, Magnetrol is free 
from the limitations inherent in 
mechanical or electrical controls. 
With the actuating magnet rated at 
98% of initial strength after 30 years, 
Magnetrol has infinite operating life, 
with practically no maintenance at 
all. There are no wearing parts to 
get out of order. 


State 


Zone 


What's more, Magnetrol’s simple 
operating principle permits easy, 
economical modification of standard 
units to meet any pressure, temper- 
ature or corrosion requirements. 
That’s why there’s practically no 
limit to Magnetrol’s use. It’s also 
why “specials” are likely to be stand- 
ard with us. Magnetrol units control 
level changes from .0025-in. to 150-ft. 
—with single or multi-stage switching. 














MAGNETROL, Inc. 2120 S. Marshall Bivd., Chicago 25, Iifinols 


Please send me catalog data and full information on 


i Magnetrol Liquid Level Controls. 


MAGNETROL, Inc. J 5 Z 
S532 
® SEND COUPON FOR DETAILS Zvuetvu 
| — = -— = a Te 
CIRCLE NO. 110 ON PAGE 91 
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RESET ACTION STOPS (in cylinder), another ZERO DERIVATIVE SETTING, exclusive with PRECISION BRISTOL MEASURING ELE. 
Bristol exclusive on reset models, assures Bristol on derivative models, can cut hours MENTS, like this helical pressure element, 
optimum control recovery after sustained de- from set-up time for new process or new promote accuracy of measurement and proc- 
viations of variable from set point. process conditions. ess control. 





Your newest man can 
operate and |} 


Several hundred standard models meet every process requirement including: 


These problems: 3. Reset with wide band—rates 0.1 to 10 

1. Cascaded control or 1 to 300 repeats per minute. Pro- 

2. Selective control portional band to 400%. 

3. Ratio control 4. Derivative (rate) — Derivative time 0.2 | 
4. Time program control to 20 min., plus Bristol exclusive zero { 
5. Pneumatic Transmission derivative setting. 

These operating modes: 5. Reset plus derivative—with propor- 

1. Fixed narrow band (on-off) tional band, reset rate, and derivative 

2. Proportional—to 100% and to 30% time as given above. 
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He’ll catch on quick to the Bristol Series 500 Controller 
without a complicated, lengthy training period. 

In fact, your plant can have Bristol Series 500 Controllers, 
even if you don’t have a formal instrument department at all. 
Many small instrument users are doing this today. Yet the 
500’s performance is such that one of the largest, most 
widely known chemical companies in the country just 
bought seventy 500’s for its exacting processes. 

Two outstanding reasons contribute to this precision 
and trouble-free performance: (1) Basic simplicity of 
the operating mechanism—there’s literally no way the 
instrument can get out of order or out of adjustment. 
(2) Bristol measuring elements insure the utmost accu- 
racy in automatic control—for temperature, pressure, 





FIXED LINKS AND LEVERS provide 
built-in calibration in Bristol Series 
500 Controllers. There’s literally noth- 
ing to go wrong. This proportional 
temperature controller (chart remov- 
ed) shows basic instrument simplicity. 


maintain this controller 


vacuum, draft, absolute pressure, liquid level, humidity, 
pH value, electrical measurements, or any variable. 

Another big simplification: You can exactly calibrate 
the Series 500 Controller with only one single adjustment, 
even after complete disassembly and reassembly with replace- 
ment of parts. Close tolerances on all working parts plus 
the built-in calibration of the fixed-link-and-lever mech- 
anism make this possible. And you can always inter- 
change parts with those of any other Series 500. 

Get complete data on Bristol Series 500 Pneumatic 
Controllers now, before you order another instrument. 
You’!l find a model for every purpose, every mode of con- 
Write for bulletin A 130, The Bristol! Company, 129 
7.49 


trol. 
Bristol Road, Waterbury 20, Conn. 


S 4 # &, ¥ © L TRAIL-BLAZERS IN PROCESS AUTOMATION 


AUTOMATIC CONTROLLING, RECORDING AND TELEMETERING INSTRUMENTS 
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“DEMI G” 
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“DEMI G6” SERIES 


Packless “DEMI G” Valves are miniature 
in size, weight and price. They employ a 
patented form and give bubble-tight 
shut-off. They are available in many bar- 
stock materials with a wide variety of 
tee-handle and toggle actuators and 
have innumerable applications in the 
chemical, oil, instrumentation, aircraft 
and atomic energy fields . . . to name 
but a few. 


Basic ‘“‘DEMI G” Valves employ metal-to- 
metal seating, however TEFLON seats 
for vacuum service, neoprene dia- 
phragms for toggle actuation and all 
TEFLON interior models . . . as well as 
those with bolted bonnets are standardly 
available. Where space and exacting 
control are considerations, the “DEMI G” 
Series of packless valves will do the 
job better. 










PRESSURE RATING 
Metal Body & Diaphragm | 750 psi at 450°F 
Neoprene Diaphragm 100 psi at 180°F 
TEFLON Body & Diaphragm | 100 psi at 450°F 











MAXIMUM Cv 0.4 
CONNECTIONS 1/16” to 42” 
N.P.T. 








Send for the “DEMi'' Catalog D-1 and 
other technical data on Dahl 
pneumatic and hydraulic valves. 


GEORGE 


DAHL 


fom ow. i Ae) i Oa 





86 TUPELO STREET, BRISTOL, RHODE ISLAND 
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new literature 


New publications that will keep you up-to-the-minute on developments. 
Catalogs are sent direct by the manufacturer without cost or obligation. 
Circle Code Number on the Readers Service Postpaid Postcard, Page 91. 














Manometer Catalog 

U-type, well-type and _ inclined-tube 
manometers and accessories described in 
23-page illustrated catalog. Gives valuable 
information on how to select best com- 
bination for specific applications; detailed 
specifications and tables of equivalents, 
capacities, etc. Wide variety of types and 
sizes. King Engineering Corp., Ann Arbor, 
Mich. 
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Demand Pump 


Data sheet WF1642 describes line of 
self-contained, light-weight reciprocating 
pumps with means for demand-responsive 
flow-control and automatic pressure reg- 
ulation of gases and liquids. Units are 
powered by pneumatic or hydraulic pres- 
sure sources. Gives features, specifications 
and applications. Waldorf Instrument Co., 
LL R. ¥. 
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Automatic Custody Transfer 

Chart and reprint of technical article 
tell how the “Pottermeter’ system of 
measurement for automatic custody trans- 
fer has joined three conventional systems 
which have been in use. Reprint of 
“New Turbine-Type Meters for Custody 
Transfer” gives results of three-year test 
of system; big chart gives graphic illus- 
tration of system. Pottermeter Co., 
Union, N. J. 
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Transistorized Circuits Catalog 

Find just about everything you want to 
know in this big catalog which contains 
very detailed specifications as well as copi- 
ous applications notes on germanium and 
silicon transistor plug-in circuits and sen- 
sitive indicators. Indexed for easy check- 
ing, catalog sheets are arranged chrono- 
logically by circuit number. Engineered 
Electronics Co., Santa Ana, Calif. 
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Temperature Self-Controller 
Temperature control valve with lead- 
coated sensing bulb for use in plating 
tanks, chemical tanks or heaters, other 
corrosive applications, is described in bul- 
letins SRB 46-58 and J-180. Gives econom- 
ical corrosion resistance to variety of 
chemicals. Suitable for temperatures up 
to 400° F. OPW-Jordan, Cincinnati, O. 
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Continuous Stream Analyzers Catalog 
Eight-page catalog CL-4000 describes 
most complete line of process stream an- 
alyzers available from any one source, in 
cluding industrial pH equipment, indus 
trial gas chromatographs, infrared an 
alyzers, oxygen analyzers and others. Ab- 
breviated specifications and typical ap- 
plications. Beckman, Fullerton, Cal. 
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Integrated Control Systems 

Pre-engineered, pre-assembled and pre- 
tested integrated control systems offe) 
practical approach to complete automa- 
tion for all plants at a nominal cost. Con- 
trols for any function or combination of 
functions man be built into one control 
system tailored to meet the needs of any 
plant. Electronics Corp. of America, 
Cambridge, Mass. 
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High-Speed Digital Processor 

Digital processor converts, programs 
and records analog signals in digital form 
on magnetic tape at rates up to 10,000 
samples per second. Completely transistor- 
ized and designed for maximum acces- 
sibility. Transistors lower cooling require- 
ments and power consumption. Bulletin 
1I590A. Consolidated Electrodynamics 
Corp., Pasadena, Cal. 


CIRCLE NO. 408 ON PAGE 91 


Power for Automation 

Revised, up-to-date version of original 
bulletin “A New Approach to Practical 
Control,” new 8-page bulletin 765A gives 
complete engineering data and describes 
typical applications of “Regatron” pro 
grammable power packs. New models and 
revised specifications included. Electronic 
Measurements Co., Inc., Eatontown, N. ]. 
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X-Rays and Cement Process Control 

This 4-page folder, reprinted from a na 
tional technical publication, describes how 
a cement company uses the X-ray specto- 
graph to analyze raw ball mill products 
Illustrated folder explains basic principles 
of X-ray method and gives details on 
sample preparation; discusses cost and op 
erator training. Philips Electronics, Mt. 
Vernon, N. Y. 
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Now...automatic printed integration 
of chart peak areas 


Perkin-Elmer’s new Model 194 presents 6000-count/minute 
integrals on adding machine tape, ready for interpretation 


® 


Qa 





Fractogram of four-component mixture with 
integrator tape run in synchronous mode. The 
synchronous tape feed permits easy identifica- 
tion of integral prints with the corresponding 
peaks on the fractogram. Corresponding prints 
and printing points on the fractogram are 
identified by letters (a, b, c, d and e). 


Integrals for each peak are obtained by sub- 
tracting the value printed at its leading edge 
from that printed at the leading edge of the 
next peak. Thus, 

Propane = (b — a) = 23619 —22282 = 1337 
isobutane = (c — b) = 24278 —23619 = 659 
n-Butane = (d — c) = 26436 —24278 = 2158 
isopentane = (e — d) = 26561 —26436 = 125 


Concentrations for each component are com- 
puted by dividing the integral for its peak by 
the total integral (after applying thermal con- 
ductivity correction factors if necessary). The 
complete analysis of this mixture is: 

Propane . . . 31.3%; Isobutane . . . 15.4%; 
n-Butane . . . 50.4%; Isopentane . . . 2.9%. 


Up to now, there have been four con- 
ventional methods of integrating the 
areas of peaks produced on a re- 
corder chart by a gas chromato- 
graphic analyzer — for example: 


FIRST: the time-consuming, error- 
prone approximation of measuring 
peak height and multiplying by half 
band width: only as accurate as the 
analyst’s eye and scale at best, -not 
valid for some peak shapes, and re- 
quiring a good deal of computation. 


SECOND: so-called “pip” integration 
—using an auxiliary pen which dith- 
ers along the chart edge as the peak 
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is recorded and theintegrator counts 
(with each group of ten counts 
marked by a wider pen swing to 
facilitate counting). The disadvan- 
tages of this technique: low count 
rate/lower accuracy, with the inher- 
ent mechanical difficulties of “pip” 
recording by pen. You also have to 
count the pips! 


THIRD: digital counter read-out — ex- 
cellent integration, but demanding 
constant vigilance on the part of the 
operator to note dial readings at 
critical moments during peak elution. 


FOURTH: planimeter area measure- 
ment, requiring a steady hand and 


virtually infinite patience — and not 
very accurate, either. 

With Perkin-Elmer’s new Model 
194 Printing Integrator, designed 
for use with the P-E Model 154-C 
Vapor Fractometer, integrals are 
printed on standard adding machine 
tape, automatically at the base of 
each peak (or manually, on com- 
mand) and in a variety.of modes. 

When the recorder pen begins an 
upscale excursion, a valley sensor in 
the recorder energizes the printing 
mechanism, and a five-digit integral 
is automatically printed on the tape. 
Tape and recorder chart move at the 
same speed, making later compari- 
son and identification easy — or the 
tape can space evenly between prints. 
The next integral is automatically 
struck when the pen begins to record 
the next peak; the difference between 
this number and the first represents 
the area of the first peak. The last 
integral in an analysis is manually 
printed. 

When the Model 154-C recorder is 
attenuating automatically to keep 
peaks on scale, the Printing Integra- 
tor will follow the recorder through 
attenuation changes and present 
compensated integrals at analysis’ 
end. 

The peak areas, added and normal- 
ized, give gross concentration per- 
centages. Introducing thermal 
conductivity coefficients, where nec- 
essary, will give quantitative meas- 
urements six to ten times as precise 
as pip-marking methods or conven- 
tional physical measurement of the 
chart peaks. 

The Model 194 ($1,375 f.o.b. Nor- 
walk, Conn.) employs a standard ve- 
locity servo computer. At full scale, 
the Integrator produces 6000 counts 
per minute, or 1263 per square inch 
of chart space. The recorder pen/ 
count linearity is within +0.3%, 
averaged over full scale. 

For more information, write for 
“Automatic Printed Integration of 
Recorder Data,” to 850 Main Ave- 
nue, Norwalk, Conn. 


Price subject to change without notice. 
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Perkin-Elmer Gyo. 


NORWALK, 
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Set for 175 Gallons 





Get 175 Gallons 
BUFFALO METER COMPANY, Incorporated 


2934 MAIN STREET 
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Glucose being measured accurately from storage tank to cooking vats in large candy making plant. 


Niagara Meters do it Automatically 


Consistent high quality in every batch 
of candy can only be maintained by 
accurate formulation. That is why this 
candy company, one of the world’s 
largest, uses Niagara Electricontact 
Meters to automatically measure the 
liquid ingredients ... positive assur- 
ance of day by day accuracy that has 
maintained the enviable reputation 
and quality of this candy for 15 years. 


Whatever your product may be 
— if measuring of liquids plays a 
part in its production, you can be 
sure of consistent quality by the use 
of Niagara Electricontact Meters. 
Automatic measurement is a must in 
today’s competitive market. Avail 
yourself of this cost-saving, time- 
saving accuracy by automation. Write 
for complete information. 


BUFFALO 14, NEW YORK 
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and to gases. Schutte and Koerting Co., 
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Uniform Product Quality 





Rotameters for Hard-to-Handle Fluids 
Metal tube rotameters for measuring 
flow of hazardous and high pressure 
fluids at temperatures to 400° F are pre- 
sented in bulletin 19A which gives simpli- 
fied, easy-to-use instructions for sizing. 
Tables give dimensions, sizes and capaci- 
ties. Rotameters are applicable to liquids 


Cornwells Heights, Pa. 
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Metal Finishing Temperature Control 
Applications of temperature controls to 
achieve accurate, constant temperatures 
necessary in metal finishing operations, 
particularly in the plating room, are 
described in 4-page folder. Tells of 
pneumatic, electrical and thermally op- 
erated gas controls in 10 optional tem- 
perature ranges of —30° to 1100° F 
Partlow Corp., New Hartford, N. Y. 
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Hydraulic Weighing Systems 
Handy plan-it-yourself catalog on hy- 
draulic weighing systems gives design 
principles of systems, engineering data on 
components, applications examples, di- 
mensions and price list. Attached ques- 
tionnaire and sketch sheet help you se- 
lect just what you need or lets company 
recommend best system for your needs. A. 
H. Emery Co., New Canaan, Conn. 
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High-Speed Electric Counters 

Bulletin describes panel-mounted elec- 
trical counters with electric resetting in 
1/10th second. Designed for accuracy and 
long life at very high speeds up to 6,000 
cpm, they fill the gap between standard 
and electronic counters for industrial, data 
processing or lab and scientific uses. Vee- 
der-Root, Hartford, Conn. 
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Flow Tubes for Metering Fluids 
Bulletin 115-LIB contains photographs, 
dimensional and capacity tables, installa- 
tion diagrams, pressure-recovery perform- 
ance chart and explanatory test on low 
cost, precise Dall flow tube, accurate to 
within 1% of flow rate. Features ease of 
installation, adaptability to proportional 
pacing of remote feeders and chlorinizers. 
B-I-F Industries, Inc., Providence, R. I. 
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Centralized Control Systems 
Liberally illustrated bulletin 106 de- 
scribes the design approach, materials, 
construction and modern facilities used 
in manufacturing a variety of centralized 
control and data-presentation systems. 
Panellit, Inc., Skokie, Ill. 
CIRCLE NO. 416 ON PAGE 91 


ISA Journal 
















TT 












at y 

























’ 
MAN S On 12 October 1958, an historic event took place. A group of Space Technology Laboratories’ 
i FIRST engineers at Cape Canaveral, Florida, transmitted radio signals far out into space to the 
b NASA/Air Force Pioneer space probe vehicle..The tiny receiver and transmitterin the Pioneer 
e @ SPACE relayed these same signals to the Space Technology Laboratories’ group at Manchester 
University, England. e This significant experiment promises, like those earlier achievements 

e 
SOMMUNICATION 


of Morse, Bell, and Marconi, to pave the way for the use of space vehicles to relay information 


raw TR 


STAHON to‘and from points on earth. One day the entire world will view televised events as they 
happen. e Future experiments of this kind will undoubtedly assist mankind in his search to 
roe understand, use, and benefit from his knowledge of space phenomena. e Scientists and 


* engineers whose interests and abilities enable them to contribute to these developments 






are invited to join our technical staff. 


Space Technology Laboratories, Inc. P.O. BOX 95001, LOS ANGELES 45, CALIFORNIA 









































The 250’ radio telescope pictured here is operated 
by a team of British scientists under the direction ‘oo wy? 
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materially to making this achievement possible. 
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A ne ” 
the New 
Jerguson 

| MAGNETIC 

| GAGE 


For Liquid Levels 





An important advancement 
in liquid level observation 
for plants with dangerous 
explosive or inflammable 
conditions. 


Safety design 
seals against 
escaping gases. 


Measuring mechanism 
in stainless steel 
chamber. 





Scale mounted outside 
chamber; 
magnetically 
actuated 
through chamber wall. 


Distinct, 
accurate level 
shown in red 

contrasted with 
silver above. 


Job designed, 
correlating pressure, 
temperature, and 
specific gravity. 


Available with 
electric alarms. 






Patent 


4 _ Can also be used 
for interface 
indication. 


Write now for engineering sheet 
on Jerguson Magnetic Gages. 


Gages and Valves for the 
Observation of Liquids and Levels 


JERGUSON GAGE & VALVE COMPANY 
100 Adams Street, Burlington, Mass. 
Offices in Major Cities 


Peacock Bros. Ltd. 





In Canada: 
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Metal Film Resistors 

Addition of inert gas to hollow tube 
“Vamistors” permits doubling of rating 
without size increase of these precision 
metal film resistors. Designed for use in 
precision instruments requiring high de- 
gree of stability and miniaturization un- 
der extreme environmental conditions. 
Weston Instruments, Newark, N. J. 


CIRCLE NO. 417 ON PAGE 91 


Precision Switches 

New four-page data sheet 151 covers 
eight new precision snap-action switches 
for use on aircraft, missiles and missile 
ground-handling equipment. Describes 
sealed, high-temperature and shock-resist- 
ant drawings, electrical ratings and char- 
acteristics. Minneapolis-Honeywell, Free- 
port, Ill. 
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Missile/ Aircraft Testing 





Development, evaluation and quaiifica- 
tion testing of missile/aircraft instrumen- 
tation, systems and components/transdu- 
cers available at Bell Aircraft are described 
in bulletin IL-3. New equipment can be 
designed and developed for unique appli- 
cations. Bell Aircraft, Buffalo, N. Y. 
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Transistor Digital Test Equipment 

New 4-page data folder gives specifica- 
tions and prices for transistorized digital 
test equipment. Describes 10 standard 
building blocks which can be used in a 
wide variety of test set-ups through use of 
patch cords. Lists possible applications. 
Digital Equipment Corp., Maynard, Mass. 


CIRCLE NO. 420 ON PAGE 91 


Pressure Transducer 

Four-page catalog on dual-coil, vari- 
able-reluctance, diaphragm-type pressure 
transducer gives general description and 
applications, detailed specifications and 
diagrams. Miniature unit is ideally suited 
to aircraft, missile and other rugged en- 
vironments. Ultradyne, Inc., Albuquerque, 
N. M. 
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On-Line Computation 

Practical on-line computation with a 
low-cost general-purpose computer is de- 
scribed in 1l-page technical bulletin PB- 
108. Features of this unit, such as relative- 
ly high operating speed, proven reliability, 
versatile computation, flexible means of 
input-output and automatic communica- 
tion between computers discussed at length. 
Bendix Computer, Los Angeles, Calif. 
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Power Supplies Catalog 

Mechanical, performance and 
features as well as specifications on a line 
of regulated power supplies for lab and 
industry in this 33-page catalog. Includes 
outline drawings, some applications and 
ordering information. Lambda Electron- 
ics Corp., College Point, N. Y. 
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work in the fields of the future at NAA 





TEST 
EQUIPMENT 
ENGINEERS 


If you've been looking for an 
opportunity to explore new 
engineering territory, the 
positions now open in our 
electronics test equipment 
group may be right down 
your alley. 


We need engineers to do 
research and development 
based on an entirely new elec- 
tronics test equipment philos- 
ophy. Briefly, the job involves 
design of test equipment and 
analysis of electronics designs 
submitted by vendors and 
subcontractors. This is one 
phase of our work on 
advanced weapon systems 


B-70 and F-108. 


A BSEE, plus experience, can 
qualify you. 


For more information please 
write to: Mr. R.A Stevenson, 
Engineering Personnel, 
North American Aviation, 
Inc., Los Angeles 15, Calif. 


THE LOS ANGELES DIVISION OF 


NORTH 
AMERICAN 
AVIATION, INC. 


A 
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DISPLACEMENT 
LINEARSYN Differential Transformers 


Six series of Sanborn Linearsyns — three 
of the shielded type, three unshielded — 
are available, with five models in each 
series. Linearity is better than 1% of full 
scale output in all models. Temperature 
range is from —50° to 205°F. 

Special design features include coil assem- 
blies hermetically sealed in epoxy, lami- 
nated phenolic jackets (unshielded types) 
or heavy plated steel jackets (shielded 
types), improved lead wire strain relief, 
high permeability alloy cores. Models with 
axial leads are also available on special 
order. Within each series all models have 
identical diameters, tap sizes, lead wires; 
only the lengths of coil assemblies and 
cores vary. 

































VELOCITY 


LVsyn Velocity Transducers 


LVsyn pickups may be used to measure 
linear velocity directly, displacement with a 
simple integrating circuit, or acceleration 
with a differentiating circuit. There are 
twenty-four models, all self-generating 
with shielded cylindrical coil assemblies 
and high coercive force permanent mag- 
nets. Twelve models use regular magnet 
cores; twelve have non-breakable magnet 
cores. Characteristics of the two groups 
are the same except for output sensitivity, 
core length and weight. Features include 
high sensitivity, single-ended or push-pull 
output, accurate and stable calibration, 
unlimited resolution, wide range of sensi- 
tivities and sizes, temperature range of 
—50° to 200°F. They can be immersed in 
hydraulic fluid. No mechanical connec- 
tion between coil and core permits low 
friction level. End stops or displacement 
limits not needed; undamaged if limits 
are extended. 
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for MULTI-CHANNEL RECORDING 4 


Transducers 


FOR LINEAR MEASUREMENTS... 














Typical Linearsyn Characteristics 


Sensitivities® 
(Volts/inch 
per voit of 
Series® Strokes* Freq. Ranges excitation at 
(Unshielded) (Shielded) ( =inches) std. carrier freq.) 


5750T 5850T .050-1.00 400cps - 10kc 56 - 3.70 
5760T 5860T .050-1.00 60cps-400cps 70- 90 
590DT S95DT .005-.100 400cps-20ke  1.60-2.60 
*Maximum and minimum values available within each series; data on 
individual models on request. 


Typical LVsyn Characteristics 


Electrical Characteristics 


Displacement 

Nominal Maximum Voltage Total impedance 
Model Working Usable Output Series Connection 
Range Stroke mv/inch Rphms L henrys 


(Inches) (inches) 
3LVAS* 0.50 1.30 120 2.000 0.085 
6Lv2" 20 34 500 19,000 24 
6LV2-N 2.0 3.4 250 19,000 24 
7ivs* 9.0 11.0 350 17,000 28 


*Four of the twenty-four models available, selected to show 
minimum, approximate mid-range and maximum working 
ranges as well as the difference in sensitivity between a regu- 
lar magnet core model (6LV2) and a non-breakable magnet 
core model (6LV2-N). 


= 
= 
=! 


























Sanborn direct writing systems now include 1- to 8-channel ‘'150” Series, with a choice of 
12 plug-in Preamplifiers; new single-cabinet, compact 6- and 8-channel “350” and “850° 
Series with interchangeable Preamplifiers, flush-front recorder with electrical pushbutton 
chart speed control and transistorized Power Amplifiers, and numerous features for high 
reliability and operating convenience. 

For complete facts, call your local Sanborn Industrial Sales-Engineering Representative or 
write the Industrial Division in Waltham. 


(All data subject to change without notice) 


SANBORN COMPANY 


Industrial Division 
175 Wyman Street, Waitham 54, Mass. 
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BETTER CONTROLS | 
for 
viscosity and 
specific gravity 


BENDIX* 
ULTRA-VISCOSON* 
VISCOSITY METERS 


In a single system, Bendix 
Ultra-Viscoson provides 
continuous and automatic 
viscosity control of from 
one to six individual 
stations. Ranges: 0-50/- 
500/5000/50,000 centi- 
poises X grams/cc. Ideal 
for use in liquid blending | 
and fuel atomization. | 
Applications in the petro- 
leum, chemical, gravure 
and flexographic printing, 
steel, paint finishing, ad- 
hesives and various other 
fields. New “Viscompara- | 
tor” measures and con- | 
trols by comparing process 
with reference sample. 
Ultra-Viscoson systems 
are available to fill most 
industrial and research 
requirements. 





BENDIX* NUCLEAR 
DENSITY GAGE 


In process pipelines the 
Bendix Nuclear Density 
Gage provides continu- 
ous and automatic con- 
trol of fluid density. 
Range: 0.5 Sp. Gr. and 
up, with adjustable 
spans. Ideal for abra- 
sive, corrosive, viscous 
and high-pressure prec- 
esses; sensing element 
does not contact process 
material. Applications: 
liquid concentration, 
specific gravity, density, 
liquid level, slurry con- 
trol and interface detec- 
tion. Range and span 
adjustments on front 
panel, 





*REG. U. S. PAT. OFF, 


For complete information write Cincinnati Division, 
Dept. K1, 3130 Wasson Road, Cincinnati, Ohio. 


Cincinnati 
Division 





Export Sales: Bendix International Division, 
205 E. 42nd Street, New York 17, N. Y. 


Canada: Computing Devices of Canada, Ltd., 
Box 508, Ottawa 4, Ontario. 
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MINIATURE DIAPHRAGM 


MOTOR VALVES 
USED INDUSTRY WIDE 
FOR LOW FLOW CONTROL 
FEATURES 
SMALL, LIGHTWEIGHT 
CONVENTIONAL CONSTRUCTION 
TEFLON PACKING STANDARD 
CORROSION RESISTANT TRIM 
STANDARD CHARACTERISTICS 
MATERIAL SELECTION 
ACCESSORIES AVAILABLE a 
3-15 Ib OPERATION ' 






Approx. 
1/3 Size 





SIZE Cv’s AVAILABLE 
1/2” 3.0 DOWN TO 0.05 . 
1/4” 0.32 DOWN TO 0.0001, __-~ _—* 
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ALISTS IN THE CONTROL OF LOW FLOWS — 


CONTROLS 


TULSA, OKLA. 


RESEARCH 


BOX 5035 
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GOW-MAC 
HIGH POSITIVE COEFFICIENT 


RESISTANCE FILAMENTS 


For Repair, Experiment and Instruction with 

® Detectors for Gas Chromatography 

® Gas Analysis by Thermal Conductivity 

© Temperature Resistance Measurement 
— 60 ohms maximum working resist- 
ance without destruction 








Now! Availabl 






BRIDGE CURRENT —MA 
. 2 


8 


co, 





6 30 ci 38 
FILAMENT RESISTANCE — OHMS 


Other Gow-Mac Produts 














wera FORM gn SISTANCE iE e Portable and Panel 

: —$—— ts 
TUNGSTEN SSCS CSSC« ines ne 
TUNGSTEN (GCLD PLATED) HELIX 18ST eo Fow PP D.C) 
KOVAR (ALLOY OF STRAIGHT 4 _ 20 V., 500 ma. be 
<1} __) e Thermal Conductivity 
TUBE NUTS AVAILABLE, CAT. No. 9611 (Brass)... Price Per Pair .50 Cells (Hot Wire and 
*Minimum order $50.00 Thermistor) 


Order for immediate 
shipment or send for 
Bulletin 71L. Address 
Department IJ 


GOV PHA istRUMENT co. 


100 KINGS ROAD, MADISON, NEW JERSEY —Tel. FRontier 7-3450 
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Thermocouple Probe 

Cermet sshielded _ high-temperature 
thermocouple probe for use in high velo- 
city gas streams over a range of 2000 to 
3600° F is described in bulletin EDS-36. 
Need for water or air cooling is eliminat- 
ed. Included in bulletin is engineering 
blueprint, nomogram of dynamic loading, 
and sheet for recording operating require- 
ments to return to manufacturer for en- 
gineering evaluation and custom design. 
Thermo Electric Co., Inc., Saddle Brook, 
N. J. 

CIRCLE NO. 424 ON PAGE 91 


Polar Depths and Steller Space 

A very attractive brochure describes 
some of Autonetics’ “firsts” and includes 
interesting information on inertial navi- 
gation. The cover of this four-page bro- 
chure is a beauty. Autonetics, Downey, 
Cal. 
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Cryogenics 

A new periodical, “Kelvin Scale” con- 
tains current information on crvogenics 
and information on other related fields. 
First number contains article on “Future 
Activities in Cryogenic Engineering,” 
“Gasketing for Liquid Oxygen,” and bi- 
ograhical sketch of William Thomson, 
Lord Kelvin. Arthur D. Little, Inc., Cam- 
bridge, Mass. 
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36-Page Magnetic Amplifiers Bulletin 
This is really a basic text on magnetic 
amplifiers, explaining principles by word 
and diagram, and providing details of de- 
sign and construction in drawings and 
pictures. Performance curves illustrate op- 
erating characteristics; schematic drawings 
show incorporation of amplifiers in auto- 
pilots, servo systems, etc. Write to Vick- 
ers, Inc., Electric Products Div., 1815 Lo- 
cust St., St. Louis 3, Mo. 
CIRCLE NO. 427 ON PAGE 91 


Digital Recording System 

New system combines simplicity, accur- 
acy and low-cost data reduction. Design- 
ed to provide a digitized output from 
potentiometer or shaft inputs. Eliminates 
tedious and erroneous manual logging of 
recorder readings and transcribing of strip 
o. circular charts; reduces data 1secuc- 
tions costs. Datex, Monrovia, Cal. 
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Desk-top Computer 

Desk-top analog computer performs 
functions of general purpose analog 
equipment with exceptional combination 
of versatility and economy. In design 
analysis or control problems, an accurate, 
time-saving model of an arbitrary physi- 
cal system. Description and specifications 
in data file 340. Donner Scientific Co., 
Concord, Cal. 
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NEW IDEAS IN 
PACKAGED POWER 


for lab, production test, 
test maintenance, or as a 
component or subsystem 
in your own products 
































































































































3 new Sorensen transistorized 
d-c supplies can solve your lab, 
production and design problems 


In the Sorensen ‘‘Q” Series, you can 
select from the most complete line of 
fully transistorized, highly regulated 
low-voltage d-c supplies on the market: 
QR-Nobatrons, (shown above, left) with 
output continuously adjustable down to 
zero volts, are ideal for labs or wherever 
maximum flexibility is required. Two 
models, QR36-4A and QR75-2, put out 
respectively 0-36V at up to 4 amps and 
0-75V at 2 amps. Regulation of QR36- 
4A is +0.025% or 4 MV for combined 
line and load variations. Input: 115vac 
50-400 cps available for either bench 
or rack-panel (514” x 19”) use. 


Q-Nobatrons®, with 2:1 adjustable out- 
put, can render outstanding service in 
semi-permanent lab set-ups, in produc- 
tion test, or integrated into your own 
product. Available in 15 models up to 


200 watts capacity with 6, 12 or 28 
volts out. Specs and packaging are simi- 
lar to QR models above. Models for 
+0.25% or +0.05% regulation are 
available. Lower wattages are available 
two to a single rack panel (314” or 
514"x19"). 


QM-Series, solder-into-the-circuit sup- 
plies (shown above, right) mount like a 
potted transformer or choke and come 
in 36 variations: nine voltages from 3.0 
to 36vdc, regulated +0.05%; and four 
wattages, 2, 4, 8 and 15. Input 50/60 
and 400 cps at 115vac. (Incidentally, 
Sorensen also offers similarly packaged 
DC-to-DC and DC-to-AC converters.) 
Ask us, or your nearest Sorensen rep- 
resentative, for the complete story on 
these precision transistorized regulated 
d-c supplies. 8.42 


SORENSEN & COMPANY, INC. 


Richards Avenue, South Norwalk, Connecticut 


Sorcmsen— 


WIDEST LINE OF CONTROLLED-POWER 
EQUIPMENT FOR RESEARCH AND INDUSTRY 


IN EUROPE, contact Sorensen-Ardag, Zurich, Switzerland. IN WESTERN CANADA, ARVA. 
IN EASTERN CANADA, Bayly Engineering, Ltd. IN MEXICO, Electro Labs, S. A., Mexico City. 
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“TORQUE WRENCH’ 


HIGH SPEED OPTICS 


MANUAL _ 


——— 

















Formulas UPON 
Applications 
Engineering Data 
Screw Torque Data 
Adapter Problems 


General Principles 


Manufacturers of over 85% of the torque 


wrenches used in industry 
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BY RADIATION... 










MODEL B-06 









REQUEST 


i @) J eae fa | eas) | 1 oo) 
ol ORY £0), 0-12) hemes ialai 
Quality Control! 





tical orientation. 


EVERY REQUIREMENT! 


Whatever optics are specified 
B&J’s skilled Lens men have 
the know-how to fill your 
needs. Supplying precision 
optics since 1897 to such firms 
as G.E., R.C.A., A.T.&T., A.E.C., 
OS. Govt. Write for Lens List 

| & 120-page Photo Equipment Catalog. 
f BURKE & JAMES, INC 
321 S.Wabash 
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DETECTION * CONTROL 


For positive on-off control and determination 
of liquid or solid level within a closed vessel 
or piping using nuclear radiation. Mounted 
externally. RADIONIC is used NOW for CO. 
fill control, uranium ore hoppers, food con- 
tainer filling, varnish blending, acid slurry 
refining, asphalt pots, ‘green salt’ reactors, 
high energy jet fuels, latex drums, electrical 
transformer case filling. 


Write for Bulletin No. 558 


A capacitance operated super-sensitive elec- 
tronic relay. Detects liquid or solid levels, 
liquid-liquid or foam-liquid interface*. Probe 
mounted internally. ELECTR-O-PROBES® 
are NOW in use for detection of liquors and 
foam in pulp and paper mills; heavy fluids, 
acids and fluid interface in chemical plants; 
alarm for refrigerant control in freezing 
plants; mixed feeds; water-oil interface; fluids 
in dairies, breweries, etc. 


Write for Bulletin No. B-06 


° Model B-06 shown features unitized explosion-proof con- 
struction, plug-in components, tank side mounting. 


MENTS, INC. 
me TH eo peeras 


Ee 
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Typical B&J Craftsman 
measuring critical op- 


/NOW! A COMPLETE LENS 
SERVICE TO MEET YOUR 









Chicago 4, Illinois 














® new literature 


Stepping Motors 

Engineering data sheet No. 958SM2 
covers small, lightweight stepping motors 
which convert digital information to an- 
alogous shaft displacements and may be 
used to rotate counters, potentiometers, 
rotary switches, tape advance and various 
control mechanisms. Full specifications. 
G. H. Leland, Inc., Dayton, O. 
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Digital Demand-Recorder Catalog 

A new impulse-counting and recording 
device, a digital demand-recorder, is de- 
scribed in 16 page catalog 35A1000. Re- 
corder is proving extremely useful for 
such applications as production control, 
traffic counting and atomic energy work. 
Compiete description and _ specifications. 
Fischer & Porter Co., Hatboro, Pa. 
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FM: Theory and Practice 

Theoretical and practical analysis of FM 
is the subject of “The Panoramic An- 
alyzer,” No. 4, in which basic FM theory, 
complex modulation, FM spectrum meas- 
urements, combined AM and FM are dis- 
cussed. Outlines use of FM telemetering 
in missile /aircraft field. Report is con- 
cise, interesting, should prove valuable to 
those involved with FM. Panoramic Ra- 
dio Products, Inc., Mt. Vernon, N. Y. 
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Low-Frequency Decade Oscillator 

Frequency accuracy, very low harmonic 
content and equality of the two output 
levels are features of this two-phase low 
frequency decade oscillator. Output is 
constant within 1dB over frequency range 
of 0.01 c/s to 11.2k c/s. Specifications in 
bulletin 130. Muirhead, Beckenham, Kent, 
England. 
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Resistance-Bridge Indicator 

Four-page illustrated brochure gives 
useful information for users of strain 
gages, load cells, resistance thermometers, 
pressure transducers, or other resistance- 
bridge transducers. Describes how resist- 
ance-bridge indicator provides visual digi- 
tal display with read-out in any desired 
units. Contains schematic diagrams and 
applications. Datran Electronics, Man- 
hattan Beach, Cal. 
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Digital Voltmeter 

New digital voltmeter with built-in a-c 
converter provides 100-mircovolt resolu- 
tion in dc, 1-millivolt in ac. Chopper-stabi- 
lized control unit drives projection-type 
readout which represents 14% in. digits 
on black screen. Readout may be remote- 
located. Descriptions, specifications in 
one-page bulletin 19-24. Kin Tel, San Di- 
ego, Cal. 
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advertising 





POSITIONS WANTED: 75c per line, minimum 
three lines. Box number counts as one line. 
Payable in advance. No discount. 

POSITIONS OPEN, etc.: $1.50 per line, mini- 
mum three lines. Box number counts as one 
line. 

50 characters and spaces per line. 

DISPLAY AD (up to 414”): $14.00 per column 
inch. Minimum 1 column inch. 

All other size ads—standard advertising rates 

cory MUST 

BLDG., 313 SITH AVE., PITTSBURGH 22 


LATER THAN 10TH OF MONTH PRECEDING DATE OF 
PUBLICATION 








| REPRESENTATIVE WANTED 


MANUFACTURERS REPRESENTATIVES 
desired for a complete line of solid ad- 
sorbent instrument air dryers and com- 
pressed gas dehydrators in all territories 
east of the Mississippi River. Representa- 
tives should be selling instrumentation and 
equipment to oil refineries, chemical 
plants, and power plants. Gas Drying Inc., 
Box 56, Summit, N. J. 








POSITIONS WANTED | 


INSTRUMENT TECHNICIAN (Trainee), 
Vet. One year college, Mech’l & Elect’l 
BKGD ., varied experience assisting engi- 
neers with quotations and res. & dev. of 
instruments. Knowledge of operation of 
some instruments, controllers & valves. 
Desire position in N.Y., N.J., or Pa. Write 
Box 2092, c/o ISA Journal. 








| POSITIONS OPEN 


INSTRUMENT DESIGN ENGINEER: Chal- 
lenging opportunity in St. Petersburg, Fla. 
for Electro-Mechanical Design Engineer 
with 5 to 10 yrs exp in analytical instru- 
ment work such as pH, gas chromatogra- 
phy, infrared analyzer, colorimeters or 
chlorination equip. Must be able to layout, 
design, and package prototype and pro- 
duction models. Send resume Milton Roy 
Co., 1300 E. Mermaid Lane, Philadelphia 18, 
Penna. 








INSTRUMENT REPAIRMAN 
Industrial maintenance experience on variety 
of pneumatic instruments. Knowledge of elec- 
tronics helpful. Age 26-45. Rate $2.40 to 
$2.69 with differential for shift work. Also 
liberal benefits in new industry 

NATIONAL ANILINE DIVISION 

Allied Chemical Corporation 

Post Office Box 831 Hopewell, Virginia 








REACH THE ISA JOURNAL, Saaners 


The Anatomy of Draft 

The what, where, how and why of draft 
as it effects the efficiency of the combus- 
tion process, together with full details on 
various types of draft gages, forms new 
19-page bulletin 58-S201. Tells what draft 
is, how it’s measured, how to select draft 
gage for particular purpose, where to 
measure draft and pressure in steam 
plant, and much, much more. Hays Corp., 
Michigan City, Ind. 
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ATC Vertical Scale Indicator 

Technical report on ATC vertical scale 
indicator used with Atcotran differential 
transformers to display linear measure- 
ments of variables such as pressure, mo- 
tion, liquid level, etc. Bulletin R-60 ex- 
plains application, servo-system advantages 
and operation; other technical data. Au- 
tomatic Timing and Controls, Inc., King 
of Prussia, Pa. 
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Computer Users Please Note 

Brochures describe expansion of facili- 
ties at the Corporation for Economic and 
Industrial Research for analytical, pro- 
graming, data-processing and computer 
services. Also a_ helpful semi-technical 
memorandum on “Relative Efficiency of 
Data Processing Systems.” CFIR, Arling- 
ton, Va. 
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Instrument Engineer 
Immediate Openings 
For expanding petro-chemical plant 
in northwest Florida. 
Prefer Electrical Engineering degree 
with electronics training, minimum 
four years experience in process in- 
strument problems. 
Liberal company benefits. 
Send resume and salary require- 
ments. 


Box 2093 
c/o ISA Journal 
























INSTRUMENT 
ANALYZER 
TECHNICIAN 





LLERY 
CHEMICAL COMPANY... 


pioneer in HIGH ENERGY FUELS 


has opening for — 


experienced in maintaining and repair- 
ing two or more of the following control instruments: 
Infra-red Analyzers * Mass Spectrometers 
Thermal Conductivity Analyzers « Gas Analyzers 


High school education essential with minimum of four years 
experience in chemical or petro-chemical plants. 


Send resume to: Personnel Manager 
CALLERY CHEMICAL CO., P.O. BOX 1452, MUSKOGEE, OKLA. 
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perfect for field 
and plant instrument 
calibration... 


westronics 


“MILLIVOLT SOURCE 


REVERGE 


westronics 


MODEL MVS-A 
Small compact unit may be cali- 
brated against a laboratory stand- 


ard, then carried to the field or 

plant with a minimum of effort 

and without fear of damaging an 

expensive laboratory standard. Di- 

rect reading dial makes correct 

instrument calibration easy. Check 

these advantages: 

e Completely self-contained 

e Lightweight (2'% lbs.) and easy 
to carry 

e Rugged — no sensitive gal- 
vanometers or meters to break 

e Direct readings—reads in direct 
digital form 

e Reversing switch provided to 
reverse polarity of output for 
thermocouple calibration, etc. 

SPECIFICATIONS 

RANGES: 0-10 MV and 0-100 
MV 


ACCURACY: 0.5% 
RESOLUTION: 0.1% 


VOLTAGE SOURCE: 
Mercury cell 


CALIBRATION: Locking variable 
resistor for each span 


SIZE: 5%” high, 4%” wide, 
3” deep. 


vs ONLY $87.50 complete 
f.o.b., Fort Worth 


westronics, 


INCORPORATED 











3605 McCART STREET @ FORT WORTH, TEXAS 
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b coming events 


*Denotes ISA Sponsored or Participating Meeting 











JANUARY 1959 


*Jan, 29-30—Fourth Annual North 
Central Area Symposium on 
Automation, sponsored by ISA 
Twin Cities Section, Pick-Ni- 
collet Hotel, Minneapolis, Minn. 
Contact Ray E. Hopper, Minne- 
apolis-Honeywell Reg. Co., 2753 
4 Ave., S., Minneapolis 8, Minn. 


MARCH 1959 


Maz. 2-6—Pittsburgh Conference on 
Analytical & Applied Spectros- 
copy, sponsored by American 
Chemical Society and Spectros- 
copy Society of Pittsburgh, 
Pa. Contact Dr. Fritz Will, 
ALCOA Research Lab., New 
Kensington, Pa. 

*March 3-5—Western Joint Compu- 
ter Conference, San Francisco, 
Calif. Theme, “New Horizons 
with Computer Technology.”’ 
Contact M. L. Lesser, IBM Re- 
search Lab., San Jose, Calif. 

*March 11-12 - ISA Ninth Annual 
Iron and Steel Instrumentation 
Conference, Pittsburgh, Pa., 
Sponsor: Pittsburgh Section with 
cooperation of ISA Metals and 
Ceramics Division. Contact R. 
E. Blackwell, Hagan Chemical 
& Control, P. O. Box 1346, Pitts- 
burgh 30, Pa. 


APRIL 1959 

*April 5-10— Nuclear Congress, in 
Cleveland, Ohio. Contact Dr. S. 
Baron, Burns & Roe, Inc., 160 
W. Broadway, N. Y. 13, N. Y. 

*April 6-7—2nd National ISA Chem- 
ical and Petroleum Instrumenta- 
tion Symposium, in St. Louis, 
Mo., sponsored by ISA Chemical 
and Petroleum Division. Con- 
tact, Director, Technical & Edu- 
cational Services, ISA, 313 6th 
Ave., Pittsburgh 22, Pa. 

*Apr. 7—Symposium on Techniques 
of Temperature Measurement, 
Essex House, Newark, sponsor: 
New Jersey Section, ISA. Con- 
tact Freeman Smith, 1320 Sun- 
nyfield Dr., Linden, N. J. 

Apr. 14-15— Conference on Indus- 
trial Instrumentation and Con- 
trol, Illinois Institute of Tech- 
nology, sponsored by Illinois 
Institute of Technology and Pro- 
fessional Group on Industrial 
Electronics, IRE. Contact R. W. 
Bull, Ill. Inst. of Technology, 35 
West 33rd St., Chicago 16, Ill. 

*Apr. 29-21—Conf. on Analog & Dig- 
ital Recording & Controlling In- 
strumentation, Philadelphia, Pa., 
AIEE with ISA _ cooperating. 
Contact J. M. Cage, Hewlett- 
Packard, 275 Page Mill Rd., Palo 
Alto, Cal. - 

*April 20-22—Fifth Annual South- 
eastern ISA Conference and 


Exhibit, Gatlinburg, Tenn. Con- 
tact Chairman C. S. Lisser, 203 
Virginia Rd., Oak Ridge, Tenn. 


MAY 1959 

*May 4-7 — Fifth National ISA 
Flight Test Instrumentation 
Symposium, Seattle, Wash. Con- 
tact F. E. Woods, Box 4103, 
Magnolia Sta. Seattle 99, Wash. 

May 6-8 — Electronic Components 
Conference, Philadelphia. Spon- 
sored by IRE, EIA, AIEE, 
WCEMA. Contact Bernard F., 
Osbahr, John E. Hickey, Jr. 
Electronic Industries, Chestnut 
& 56th Sts., Philadelphia 39, Pa. 

*May 11-13—2nd National ISA Pow- 
er Instrumentation Conference, 
in Kansas City, Mo. Contact R. 
A. Russell, Black & Veatch, 1500 
Meadow Lake Pkwy., Kansas 
City 14, Mo. 

*May 18-20 — Fifth National ISA 
Symposium on Instrumental 
Methods of Analysis, Houston, 
Texas. Contact, Director, Tech. 
& Educational Services, ISA, 313 
6th Ave., Pittsburgh, Pa. 

*May 25-27—Eighth Annual Nation- 
al Telemetering Conference, 
Denver, Col. Cosponsored by 
AIEE, IAS’, ARS and ISA. 
Theme for 1959, “The Investiga- 
tion of Space.” Abstracts by Feb. 
15 to Allan P. Gruer, Sandia 
Corp., P. O. Box 5800, Albuquer- 
que, N. M. 


JUNE 1959 
*June 10-12 — Second ISA Interna- 
tional Gas Chromatography 


Symposium, East Lansing, Mich. 
Contact Director of Tech. and 
Educational Services, ISA, 313 
6th Ave., Pittsburgh 22, Pa. 
*June 24-26—2nd National ISA Nu- 
clear Instrumentation Symposi- 
um, in Idaho Falls, Idaho. Con- 
tact, Director, Technical and 
Educational Services, ISA, 313 
Sixth Ave., Pittsburgh 22, Pa. 


SEPTEMBER 1959 


*September 21-25—14th Annual ISA 
Instrument Automation Confer- 
ence-Exhibit, International Am- 
phitheater, Chicago, Illinois. For 
exhibit information contact 
Fred J. Tabery, Exhibit Mana- 
ger, Instrument Society of 
America, 3443 South Hill St., 
Los Angeles, Calif. For all other 
information contact Wm. H. 
Kushnick, Executive Director, 
Instrument Society of America, 
313 6th Ave., Pittsburgh 22, Pa. 

*Nov. 4-6—Nat. Automatic Control 
Conference, Dallas, Tex., IRE 
with ISA & AIEE cooperating. 
Contact R. P. Bigliano, E. I. Du 
Pont deNemours, Experimental 
Station, Wilmington 98, Del. 
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SERIES S CONTROL 


VALVES 

Specifically designed to handle 
the tough services which cause 
ordinary valves to fail. 

® Sizes to 14'’; pressure ratings 
to 2500 Ibs. 

@ Extra heavy body construction 
exceeds ASA standards. 

® Self-sealing bonnet will not 
leak regardless of temperature 
or pressure conditions. 

@ Patented Rotomotor actuator 
handles large sizes with high 
power requirements. 


SERIES HB SAUNDERS 
VALVES 


Original close-coupled design 
introduced by Conoflow has 
long been an industry standard. 
*® Completely engineered fac- 
tory assemblies assure premium 
performance. 

® Actuators for on-off or throt- 
tling control in all valve sizes. 
@ Exclusive Bonnet Loading Sys- 
tem available for higher thrust 
outputs. 

® Compact construction allows 
for more economical piping 
arrangements. 











SERIES LB CONTROL 
VALVES 


Quality construction and truly inte- 
grated body-actuator design com- 
pletely outmodes conventional con- 
trol valves. 

* Cono J Positioner sets new indus- 
try standards for precise propor- 
tional positioning. 

e Rugged cylinder actuator utilizes 
sturdy metal piston and exclusive 
lipseals which cannot leak. 

e Single-seat body design guaran- 
tees positive, tight shut-off under 
any conditions. 

e “Lift-out’’ seat ring can be re- 
placed quickly with a minimum of 
effort. 

e Extra thick body walls give added 
protection against corrosion and 
erosion. 

e Simplified construction means less 
replacement parts and substantial 
inventory savings. 


VALVES 


SERIES AB CONTROL 





A line of economical control 
valves for handling small flows. 
®@ Bodies available in two and 
three-way design, in all alloys. 
@ Extra long stroke; double that 
of conventional valves. 

e@ Suitable for high pressures 
and corrosive services. 

@ Completely enclosed spring- 
over-diaphragm construction is 
compact and protects spring 
from atmospheric corrosion. 


CONOFLOW CORPORATION 


FOREMOST IN FINAL CONTROL ELEMENTS 


CIRCLE NO. 125 ON PAGE 91 


CONTROL VALVES BY 
CONOFLOW 


YEARS AHEAD IN DESIGN 





When you specify Conoflow control 
valves you get the best valve avail 
able for your contr >/ Ips lication. Write 
for literature or let us put you in touch 
with a Conoflow representative quali 
fiedtohelp solve your control problems 
Conoflow Corporation, Dept. C-805 
2100 Arch Street, Philadelphia 3, Pa 











A look inside the world’s most widely 


used process gas chromatograph .. . 
Here is the most versatile instrument ever 
developed for continuously monitoring 
multiple components in a complex hydro- 
carbon stream...the Beckman Industrial 
Gas Chromatograph. Its pneumatic heat- 
ing system, in an explosion-proof housing, 
providesclosetemperaturecontrol(+.1°C.) 
for long-term analysis reproducibility. 
Accessible design simplifies and speeds 
adjustment when required. And accesso- 
ries broaden its range of refining appli- 
cations. % Application engineers run new 
instruments on samples from your stream 
to guarantee performance on your process 
... before delivery. Beckman Industrial Gas 
Chromatographs are delivered ready to 
go, with start-up a regular service. % The 
result is continuous, trouble-free oper- 
ation on a variety of refining streams to 
give vital information for process control 
... the real reason why Beckman Process 
Chromatographs outsell all others com- 
bined. % For detailed instrument specifi- 
cations and answers to your process con- 
trol problems...write for data file P-3-30 


Beckman: 

Scientific and Process | Instruments Division 
Beckman Instruments, Inc. 
2500 Fullerton Road, 
Fullerton, California 


It’s a Fact: While a cat cracker produced enough 
gasoline to power every automobile in the U.S. for 
200 miles,a Beckman Oxygen Analyzer continuously 
monitored the catalyst regeneration with only rou- 
tine cleaning and adjustment required. 
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